Fibre optic cable construction
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Core

This is the physical medium that transports optical data signals from an attached
light source to a receiving device. The core is a single continuous strand of glass or
plastic that’s measured in microns (1) by the size of its outer diameter. The larger
the core, the more light the cable can carry.

All fibre optic cable is sized according to its core’s outer diameter. The three
multimode sizes most commonly available are 50, 62.5, and 100 microns. Single-
mode cores are generally less than 9 microns.

P

g i ATETH § S ToldeT 3T Aid & JHTCcahel 3T Hohdl I Teh UTed fSarsd
e T ATl & | IR TSl IT CeATEeeh T Teh Hldl T et T & Ford saeh

T8 STH o HTHR o GART ATSshIeT (a) H ATIT SATAT g | IR AT 37 819,
ehelel 3=l g1 STeT AT o |

T BTG 37T chelel S8 IR & TG T o TN TR gl & | T
37T 3T i HedIHIS 3R 50, 62.5 3 100 ATSHIA ¢ | FAFT-AIS R
AR WO ABH T T FHE TS|

Cladding

This is the thin layer that surrounds the fibre core and serves as a boundary that
contains the light waves and causes the refraction, enabling data to travel
throughout the length of the fibre segment.
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Coating

This is a layer of plastic that surrounds the core and cladding to reinforce and
protect the fibre core. Coatings are measured in microns and can range from 250
to 900 microns.
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Strengthening fibres

These components help protect the core against crushing forces and excessive
tension during installation. The materials can range from Kevlar® to wire strands
to gel-filled sleeves.

Cable jacket
This is the outer layer of any cable. Most fibre optic cables have an orange jacket,
although some types can have black or yellow jackets.
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What'’s the Difference Between Multimode and Single-Mode Fibre Optic Cable?

Multimode Fibre Cable

Multimode cable has a large-diameter core that lets multiple modes of light pass
through it. This means that more types of data can be transmitted.
Multimode comes in two core sizes and five varieties: 62.5-micron OM1, 50-
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micron OM2, 50-micron OM3, 50-micron OM4 and 50-micron OMS5. (OM stands
for "optical mode".) All have the same cladding diameter of 125 microns, but 50-
micron fibre cable has a smaller core (the light-carrying portion of the fibre).

62.5 pm 50 pm Single-Mode (9 pm)
A
Y
OM1 Multimode OM2/OM3/OMA/OMS 052 Single Mode
Multimode

Although all can be used in the same way, 50-micron cable, particularly OM5
and laser-optimised OM3 and OM4, provide longer link lengths and/or higher
speeds, and are recommended for premise applications (backbone, horizontal
and intra-building links) and should be considered for new installations. OM3,
OM4 and OMS5 can also be used with LEDs and laser light sources.

Multimode cables come in different colours so they can be easily recognised.
OM3 is typically aqua; OM4 is sometimes Erika Violet (also known as Heather
Violet in United Kingdom) to help distinguish it from OM3; the latest generation
of multimode fibre, OMS5, is lime green.

Multimode cable is made of of glass fibers, with a common diameters in the 50-
to-100 micron range for the light carry component (the most common size is
62.5). POF is a newer plastic-based cable which promises performance similar to
glass cable on very short runs, but at a lower cost.

Multimode fiber gives you high bandwidth at high speeds over medium distances.
Light waves are dispersed into numerous paths, or modes, as they travel through
the cable’s core typically 850 or 1300nm. Typical multimode fiber core diameters
are 50, 62.5, and 100 micrometers. However, in long cable runs (greater than
3000 feet [914.4 ml), multiple paths of light can cause signal distortion at the
receiving end, resulting in an unclear and incomplete data transmission
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Single-Mode Fibre Cable

In contrast to multimode, single-mode fibre cable has only one mode of
propagation: a single wavelength of light in the fibre core. This means there’s no
interference or overlap between the different wavelengths of light to garble your
data over long distances like there is with multimode cable.
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Multimode: different modes

Single-mode

Single-mode cable (0S2) has a small (8—10-micron) glass core that is much smaller
than multimode and only one pathway of light or mode of propagation. (OS
stands for optical single-mode.) With only a single wavelength of light passing
through its core, single-mode fibre realigns the light toward the core center
instead of simply bouncing it off the edge of the core as multimode does. OS1 is
applied to inside-plant tight-buffered cable, whereas OS2 is applied to loose-tube
cables.

Single-mode cable is almost always yellow, so it is easy to identify. Single Mode
cable is a single stand of glass fiber with a diameter of 8.3 to 10 microns that has
one mode of transmission. Single Mode Fiber with a relatively narrow diameter,
through which only one mode will propagate typically 1310nm or 1550nm. Carries
higher bandwidth than multimode fiber, but requires a light source with a narrow
spectral width. Synonyms mono-mode optical fiber, single-mode fiber, single-
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mode optical waveguide, uni-mode fiber.Single-mode fiber gives you a higher
transmission rate and up to 50 times more distance than multimode, but it also
costs more. Single-mode fiber has a much smaller core than multimode. The small
core and single light-wave virtually eliminate any distortion that could result from
overlapping light pulses, providing the least signal attenuation and the highest
transmission speeds of any fiber cable type.Single-mode optical fiber is an optical
fiber in which only the lowest order bound mode can propagate at the
wavelength of interest typically 1300 to 1320nm.
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Multimode vs. Single-Mode Fibre Distance

Multimode fibre has a much shorter maximum distance than single-mode fibre,
making it a good choice for premise applications. Single-mode fibre can go as far
as 40 km or more without hurting the signal, making it ideal for long-haul
applications.

Multimode vs. Single-Mode Fibre Bandwidth

Single-mode fibre has a significantly higher bandwidth than multimode fibre. You
can use a pair of single-mode fibre strands full-duplex for up to twice the
throughput of multimode fibre cable. Single-mode cable’s lengths and speeds are
attainable because sending light in a single-mode nullifies differential mode delay
(DMD) which is the primary bandwidth limiting factor of multimode.
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Multimode vs. Single-Mode Fibre Pricing

Multimode and single-mode cables cost about the same. But multimode fibre
systems are much cheaper than single-mode fibre systems and considered more
cost-effective in the right application. This is due to the lower price of multimode
transceivers and components. Multimode transceivers are generally two to three
times cheaper than single-mode transceivers. Also, LED components used as
transmitter optics in multimode devices are cheaper to purchase and calibrate.

step index and graded indexfibers

In step index fiber, the refractive index of core is uniform throughout and

undergoes an abrupt change (step change) at the core cladding interface.

T S99 BTSSR H, I T ITdcieh Gelehich YL H Teh AT Bl g 3N

FATSIT STIHE H 3aTeleh IRl (T o) ¥ TR ¢ |

Depending upon number of modes propagated by the fiber we have single

mode and multimode step index fibers

I. Single mode step index fiber.

A single mode or monomode step index fiber allows the propagation of only
one traverse electromagnetic mode and hence the core diameter must be
of the order of 2 um to 10um.

It has high information carrying capacity.

The single mode step index fiber has the distinct advantage of low
intermodal dispersion, as only one mode is transmitted.

It can be used for long distance communication
It requires highly directional source such as LASER diode because of small
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core diameter, hence the cost is higher than multimode step index fiber.
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Figure 1.6: The Refractive Index profile and ray transmission in step Index fibers:
{a) Multimode step index fiber; {b) Single-mode step index fiber

Il. Multimode step index fiber.

e Multimode step index fiber with a core diameter of around 50 um or greater
allows the propagation of a finite number of guided modes along the
channel.

e The total number of guided modes Ms for a step index fiber is given by

Ms=VSQURE/2

Where, V denotes the V-number which is a normalized frequency parameter.

¢ |In multimode step index fiber dispersion is high due to the differing group
velocities of the propagating modes.

e Due to high dispersion the information carrying capacity is less.

e |t cannot be used for long distance communication as dispersion is a
function of length.

e Simple to fabricate than single mode fiber and LED can be used as light
source.
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S. STEP INDEX FIBER GRADED INDEX FIBER

NO

1. | The refractive index of the core is uniform | The refractive index of the core is made to vary
throughout and undergoes on abrupt change | gradually such that it is maximum at the center of
at the core cladding boundary the core.

2. | The diameter of the core is about 50-200pum | The diameter of the core is about 50um in the
in the case of multimode fiber and 10pum in | case of multimode fiber
the case of single mode fiber

3. | The path of light propagation is zig- zag in | The path of light is siefical in manner
manner

3. | Aftenuation is more for multimode step | Affenuation is less.

index fiber but for single mode it is very less.
Explanation:

When a ray travels through the longer
distances there will be some difference in
reflected angles. Hence high angle rays
arrive later than low angle rays causing

dispersion resulting in distorted output.

Explanation:

Here the light rays travel with different velocity
inn different paths because of their variation in
their refractive indices. At the outer edge it
travels faster than near the center. But almost all
the rays reach the exit at the same time due to

helical path. Thus, there is no dispersion.
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3. | Attenuation is more for multimode step | Attenuation is less.

index fiber but for single mode it is very less. | Explanation:

Explanation: Here the light rays travel with different velocity
When a ray travels through the longer | inn different paths because of their variation in
distances there will be some difference in | their refractive indices. At the outer edge it
reflected angles. Hence high angle rays | travels faster than near the center. But almost all
arrive later than low angle rays causing | the rays reach the exit at the same time due to

dispersion resulting in distorted output. helical path. Thus, there is no dispersion.

Numerical Aperture (NA): NA is the light gathering ability or capacity of an
optical fiber. More the NA. the more efficient will be fiber. It is also known as
figure of merit.

NA is related to refractive index of core (nl1), cladding (n2) and outside medium
(n0) as

NA =vn1*—n2?/n0
If the medium is air then n0 =1, then
NA =vnl1*—n2°

Acceptance angle (0): It is the maximum angle made by the light ray with the
fiber axis, so that light can propagate through the fiber after total internal
reflection.
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Relation NA and acceptance angle:
NA =Sin 6

Acceptance cone: It is the cone in which the light incident at acceptance angle or
less than the acceptance angle and then the light can propagate through the fiber
after total internal reflection.

Fractional Refractive index change (A)=A=n1-n2/n1
Relation NA and A:

NA=nlv2 A

TYPES OF OPTICAL FI BER CABLE

There are three common types of fiber optic cables , as listed below. The
suitability of each type for a particular application depends on the fiber optic
cable’s characteristics.

The single mode fiber optic cable, sometimes called a single-mode fiber cable,
The single and multimode step-index fiber cables are the simpplest types of fiber
optic cables. Single-mode fiber cables have extremely small core diameters,
ranging from 5 to 9.5 um. The core is surrounded by a standard cladding diameter
of 125 um. The jacket is applied on the cladding to provide mechanical protection.
Jackets are made of one type of polymer in different colours for colour-coding
purposes.

Single-mode fibers have the potential to carry signals for long distances with low
loss, and are mainly used in communication systems. The number of modes that
propagate in a single-mode fiber depends on the wavelength of light carried. A
wavelength of 980nm results in multimode operation. As the wavelength is
increased, the fiber carries fewer and fewer modes until only one mode remains.
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Single-mode operation begins when the wavelength approaches the core
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The multimode types of fiber optic cables, sometimes called a multimode fiber
cable. Multimode fiber cables have bigger diameters that their single-mode
counerparts, with core diameters ranging from 100 to 970 um. They are available
as glass fibers (a glass core and glass cladding), plastic-clas silica (a glass core and
plastic cladding), and plastic fibers (a plastic core and cladding). They are also the
widest ranging, although not the most efficient in long distances, and they
experience higher losses than the single-mode fiber cables. Multimode fiber
cables have the potential to carry signals for moderate and long distance with low
loss (when optical amplifiers are used to boost the signals to the required power).
Plastic fiber optic cable is available in Fiberstore, it is an optical fiber made out of
plastic rather than traditional glass. It offers additional durability for uses in data
communications, as well as decoration, illumination and industrial application.
FiberStore provides both simplex and duplex plastic optical fibers.

Multimode graded-index fiber are sometimes called graded-index fiber cables
(GRIN). Graded-index and multimode fiber cables have similar diameters.
Common graded-index fibers have core diameters of 50,62.5, or 85 um, with a
cladding diameter of 125 um. The core consist of numerous concentric layers of
glass, somewhat like the annular rings of a tree or a piece of onion. Each
successive layer expanding outward from the central axis of the core until the
inner diameter of the cladding has a lower index of refrection. Light travels faster
in an optical material that has a lower index of refraction. Thus, the further the
light is from the centre axis, the greater its speed. These types of fiber optic cable
are popular in applications that require a wide range of wavelenths, in particular
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telecommunication, scanning, imaging, and data processing stystems. In
particular telecommunication, Multimode OM4 fiber optic cable is used in any
data center looking for high speeds of 10G or even 40G or 100G. OM4 multimode
fiber are ideal for using in many applications such as Local Area Networks (LAN)
backbones, Storage Area Networks (SAN), Data Centers and Central Offices.
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