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UNIT I   OPTICAL FIBERS

Fiber Optics is a branch of physics  which deals with the transmission and reception of optical waves 
using optical fibers. 

Types of Telecommunications:

1. Radio/TV

2. Telephone Communications   :  Conventional

Optical



Radio/TV Communication 
Radio wave / Micro wave Communication



Radio/TV Communication

One transmitter to many

Waves travel in space

No need of wave guide



Telephone Communication

One transmitter to  one receiver

Waves travel through a wave guide

Transmitter and receiver will be 
connected by a cable or a fiber



Telephones and Mobile Phones,
Telephone lines with Metal Cables



Demerits of Conventional Telephone Lines (Metal Cables)

Bandwidth is narrow

Cannot make more connections

Weight

Cost is high

Affected by climatic variation

Cross Talk

Secreracy

Time delay



Optical Fiber





Light Propagation in a Tube and an Optical Fiber

Tube:

Light always travels as straight line.

Enters in one end. Incident on inner 
wall and absorbed. 

No output through other end.

Optical Fiber

Light always travels as straight line.

Enters in one end. Incident on inner 
wall and subject to number of Total 
Internal Reflection. 

Emerges at the other end.



Total Internal Reflection

Imagine light travels from high dense 
medium to low dense ( rarer ) medium.

(   Glass  and  Air ).

The refractive index of glass ( n1 ) is 
greater than that of air (n2).   n1 > n2

Light from glass bent away from Normal.

i – angle of incidence, 

r – angle  of refraction.

When  i  = ic,    r = 90

When i > ic,     light rays undergo Total 
Internal Reflection.

Total Internal Reflection is the 
Principle for designing an 
Optical Fiber.



Optical Fiber



Structure of Fiber

Core – High dense glass ( n1 ). 
Thichkness 20 to 50 
micrometer.

Cladding – low dense glass ( n2 )

Thickness 100 to 250 
micrometer.

Condition    :   n1  > n2

Other strengthening coatings  

(Plastic buffer, outer jacket )

Light rays travel through core by 
total internal reflection.



Single mode and Multimode Fibers

There is only one path for propagation.

Thickness of core is small.

Chance for dispersion is less.

More number of paths for propagation.

Thickness of core is large.

Chance for dispersion is high.



Step Index and Graded Index Fibers

Step index Fiber

Refractive index of core (n1) and cladding (n2) 
are constant.  n1  > n2.

At the core – cladding junction ( interface ) the 
RI of core is equal to RI of cladding. 

n1 = n2

Graded Index Fiber

Refractive index of core ( n1) is not a constant.  
But      n1 > n2  

At the centre the RI is maximum.  Gradually  
decreasing  outward.

At the Core cladding junction RI of core is  
equal to RI of Cladding.     n1  = n2



Comparison of Step Index and Graded Index Fibers





Unit II  

Transmission Characteristics of Optical Fiber



When light propagates through an optical fiber, a small percentage of power is lost through different 
mechanisms. The loss of optical power is measured in terms of decibels per km for attenuation losses.

Fiber with length L  (km)

Z=0,  P(0) Z= L ,  P(L) 

P(0) – Input Power,  P(L) – Output Power.  

The  output power at any  distance  Z =  L  is  given in terms of input power as,

𝑃 𝐿 = 𝑃 0 𝑒−𝛼𝐿

𝛼 – Attenuation loss coefficient.

The loss per kilometer  is measured in unit dB/km.   ( decibel / kilo meter ).

𝛼 =  
10

𝐿
log 

𝑃(0)

𝑃(𝐿)
dB / km

Attenuation Loss (fiber loss)



Attenuation Loss With Wavelength of Light Used

Optical Window:

The wavelength region for which the attenuation is minimum.

I – Window  : 850 nm, center wavelength of the 800-900 nm

spectrum , with the fiber’s attenuation of 2 dB/km.

II – Window : located around 1300 nm would

have attenuation losses reduced to 0.5 dB/km

III – Window  : At wavelength of 1550 nm and provide 

lower attenuation (> .5 dB/km).

IV – Window : The fourth window of 1625 nm had higher 

optical attenuation



Types of Losses

1. Absorption loss

2. Scattering loss

3. Bending loss

4. Dispersion loss

5. Radiation loss

6. Coupling loss.



Absorption Loss

Absorption loss is related to the material composition and
fabrication process of fiber. Although glass fibers are extremely pure,
some impurities still remain as residue after purification. The amount
of absorption by these impurities depends on their concentration
and light wavelength.

Intrinsic absorption : Intrinsic absorption in the ultraviolet region is
caused by electronic absorption bands. Basically, absorption occurs
when a light particle (photon) interacts with an electron and excites it
to a higher energy level. The main cause of intrinsic absorption in the
infrared region is the characteristic vibration frequency of atomic
bonds. In silica glass, absorption is caused by the vibration of silicon-
oxygen (Si-O) bonds. The interaction between the vibrating bond
and the electromagnetic field of the optical signal causes intrinsic
absorption. Light energy is transferred from the electromagnetic field
to the bond.

Extrinsic absorption:   Extrinsic absorption is much more significant 
than intrinsic. It occurs  due to impurities introduced into the fiber 
material during manufacture . The transition  metal ions (Iron, nickel, 
and chromium) and the OH - ions absorb light energy and excited to 
higher energy level . Modern fabrication techniques can reduce 
impurity levels below 1 part in  1010    



Scattering Loss

Scattering  losses in fiber occurs from microscopic  variations in 
the material density,  from compositional fluctuations and from 
structural in-homogeneties or defects  formed during fiber 
manufacture.
Linear Scattering mechanism:
It causes the transfer of some or all of the optical power contained 
within one propagating mode to be transferred linearly into a 
different mode.
In all linear scattering process the frequency is not changed during 
scattering.   Linear scattering may be categorized as:

Rayleigh scattering
Mie scattering

Rayleigh scattering:
For glass fibers the foremost type of scattering is Rayleigh 
scattering. With this process, atoms or other particles within the 
fiber absorb the light signal and instantly re-emits the light in 
another direction.
In this way Rayleigh scattering appears very much like absorption 
but it absorbs and redirects the light so quickly that is considered 
scattering.



Mie scattering:

Imperfections caused due to inhomogenities at the core- cladding interface which causes scattering of 

light.

The scattering created by such inhomogenities is mainly in the forward direction and is called Mie 

scattering.

It can be reduced by removing imperfections of glass at the time of manufacture, increasing the 

relative refractive index of the core and the cladding.

Non Linear Scattering Losses:

This scattering cause disproportionate attenuation, usually at high optical power levels. Non Linear 

scattering may be categorized as:

Stimulated Brillouin scattering (SBS)

Stimulated Raman scattering (SRS)

Stimulated Brillouin scattering (SBS):

In SBS strong optical signal generates acoustic waves. These waves produce variations in refractive 

index. It causes lightwaves to scatter in backward direction towards transmitter called as backward 

scatter wave which affects the forward signal leading to depletion in signal power.

Stimulated Raman scattering (SRS):

SRS is transferring of energy from short wavelengths to neighbouring high wavelength channels. If 

two input signal with equal power are transmitted then the former will lose its own energy and the 

latter will gain this energy, this limits the performance of the system.



Bending Loss

Microscopic bend: Micro-bends losses are
caused due to non-uniformities or micro bends inside
the fiber as shown. This micro bends in fiber appears
due to non uniform pressures created during the cabling
of the fiber or even during the manufacturing itself. This
lead to loss of light by leakage through the fiber.

Remedy : Micro-bend losses can be minimized
by extruding (squeezing out) a compressible jacket over
the fiber. In such cases, even when the external forces
are applied, the jacket will be deformed but the fiber
will tend to stay relatively straight and safe, without
causing more loss.

Macroscopic bends: If the radius of the core
is large compared to fiber diameter, it may cause large-
curvature at the position where the fiber cable turns at
the corner. At these corners the light will not satisfy the
condition for total internal reflection and hence it
escapes out from the fiber. This is called as
macroscopic / macro bending losses. Also note that this
loss is negligible for small bends.



Dispersion Loss

The optical signal becomes increasingly distorted as it travels along a fiber. 
This distortion is due to dispersion effect.

Dispersion: When an optical signal or pulse is sent into the fiber the pulse 
spreads /broadens as it propagates through the fiber. This phenomenon is called 
dispersion . From figure we can see that the pulse received at the output is wider 
than the input pulse. Hence the output pulse is said to be distorted, due to 
dispersion effect.
The pulse broadening or dispersion will occur in three ways, viz.,

Inter-modal dispersion
Material dispersion or chromatic dispersion
WaveguideDispersion

Intermodal dispersion: When more than one mode is propagating through 
the fiber, then the inter modal dispersion will occur. Since, many modes are 
propagating; they will have different wavelengths and will take different time to 
propagate through the fiber, which leads to intermodal dispersion. 

Explanation: When a ray of light is launched into the fiber, the pulse is 
dispersed in all possible paths through the core, so called different modes.

Each mode will be different wavelength and has different velocity as shown 
in the figure. Hence, they reach the end of the fiber at different time. This results 
in the elongation or stretching of data in the pulse. Thus causes the distorted 
pulse. This is called intermodal dispersion.



Material dispersion:
In material dispersion, the dispersion occurs due to 

different wavelength travelling at different speed inside the fiber as  
shown in the figure.
Remedy:The material dispersion can be minimized at certain 
wavelengths say 870nm, 1300 nm and 1550 nm; these wavelengths 
are termed Zero Dispersion wavelengths(ZDW). If, the  wavelength 
is lesser than Zero Dispersion wavelengths , it travels slower and 
when it is higher than ZDW it travels faster. Thus the speed is altered 
and adjusted in such a way that all the waves passing through the 
fiber will move with constant speed and hence the material 
dispersion is minimized. Note: Material dispersion will not occur in 
single mode fibers.

Wave guide dispersion:
The wave guide dispersion arises due to the guiding 

property of the fiber and due to the different angles at which the 
light rays incident at the core-cladding interface of the fiber. 
Inter-modal dispersion > Material Dispersion> Waveguide 
dispersion



Unit III    Preparation Techniques

Raw Materials

Optical fiber is mostly made from silicon dioxide(SiO2 ).

Silica, which can be drawn into fibers at reasonably high temperatures,
has a fairly broad glass transformation range.

One other advantage is that fusion splicing and cleaving of silica fibers
is relatively effective.

Silica fiber also has high mechanical strength against both pulling and
even bending, provided that the fiber is not too thick and that the surfaces have
been well prepared during processing.

Even simple cleaving (breaking) of the ends of the fiber can provide
nicely flat surfaces with acceptable optical quality.

Silica is also relatively chemically inert. In particular, it is not
hygroscopic (does not absorb water) also it can be doped with various
materials.

Silica fiber also exhibits a high threshold for optical damage.

These properties makes silca most widely use material for optical fibers.



Process of Manufacturing
There are two main steps in the process of converting raw materials into optical fiber ready to be shipped.

Manufacturing of the pure glass preform

Drawing of the preform

The first step in manufacturing glass optical fibers is to make a solid glass rod, known as a preform.

Ultra-pure chemicals -- primarily silicon tetrachloride (SiCl4) and germanium tetrachloride (GeCl4) -- are converted

into glass during preform manufacturing. These chemicals are used in varying proportions to fabricate the core

regions for the different types of preforms. The basic chemical reaction of manufacturing optical glass is:

SiCl4 (gas) + O2    ---- > SiO2 (solid) + 2Cl2 (in the presence of heat)

GeCl4 (gas) + O2 ---- > GeO2 (solid) + 2Cl2 (in the presence of heat)

The core composition of all standard communication fibers consists primarily of silica, with varying

amounts of germanium added to increase the fiber's refractive index to the desired level.

Single-mode fibers typically have only small amounts of germanium and have a uniform composition

within the core. Multimode fibers typically have a much higher refractive index, and therefore much higher

germanium content. Also, the core composition and the refractive index of graded-index multimode fibers changes

across the core of the fiber to give the refractive index a parabolic shape.



Modified Chemical Vapor Deposition(MCVD)
First, a cylindrical preform is made by

depositing layers of specially formulated silicon dioxide
on the inside surface of a hollow substrate rod.

The layers are deposited by applying a
gaseous stream of pure oxygen to the substrate rod.

Various chemical vapors, such as silicon
tetrachloride (SiCl4 ), germanium tetrachloride (GeCl4),
and phosphorous oxychloride (POCl3), are added to the
stream of oxygen.

As the oxygen contacts the hot surface of the
rod-a flame underneath the rod keeps the walls of the
rod very hot-silicon dioxide of high purity is formed.

The result is a glassy soot, several layers thick,
deposited inside the rod. This soot will become the core.
The properties of these layers of soot can be altered
depending on the types of chemical vapors used.

After sufficient layers are built up, the tube is
collapsed into a solid glass rod referred to as a preform.

It is now a scale model of the desired fiber, but
much shorter and thicker. The preform is then taken to
the drawing tower, where it is pulled into a length of fiber
up to 10 kilometers long.



Outside Vapor Deposition(OVD)

One of many variations of
vapour deposition technique for
fabricating optical fiber. Here an
inert rod is layered with core and
cladding glass deposits built up
on the outside. Once enough
layers are in place, the rod is
removed and the layers
consolidated into a solid preform
which can be drawn into fiber.
Silicon tetra chloride, SiCl4 and
germanium tetra chloride, GeCl4
are oxidised to form silica and
germania particles for the
deposition.



Vapour Phase Axial Deposition (VPAD)
In this diagram, we see how the

preform is made.

A seed rod is slowly rotated and
pulled upward.

As the seed rod is pulled, two
burners deposit fine glass soot.

The lower burner in this
diagram is depositing the core glass
material, and above it is a burner
depositing the cladding glass.

The rate at which the seed rod is
pulled is carefully controlled by servo
mechanisms.

After deposition the glass soot
rod is dehydrated and sintered into a
solid preform in a furnace.



Drawing the fiber

Fiber drawing is the phenomenon of
manufacturing hair-thin fiber. The tip of perform
is lowered into high-purity graphite furnace.

Pure thin glass are injected into furnace,
tightly controlled temperature approaching 1900
Celsius soften the tip of the perform.

Once the softening point of the tip is
reached, gravity takes over and occurs free fall
until it has been stretched into thin strand. Then
fiber is pulled by tractor belt shown in the figure .

Diameter of the fiber during draw is
controlled to 125 microns within 1 micron
tolerance.

The rate for sampling the fiber is 750
times per second while the actual value of
diameter is compared to 125 micron target.

Drawing speed is higher if the diameter
is above than target diameter and vice versa.
After diameter case two layer coating is applied
to the fiber with soft inner coating and hard outer
coating which will be more disccuesd on coating
for the protection of fiber in section below.



Liquid Phase Method – Double Crucible Method

Highly purified glass powders of various refractive

indices are fed into the inner crucible for the core , and

into the outer crucible for cladding.

The electric furnace is switched on and the materials are

heated to very high temperature.

The material goes to molten state and the material starts

squeezing through the orifice of the crucible.

Now the core material will start diffusing into cladding

material to form an optical fiber.

The fiber is drawn through the bottom surface of the

crucible and dopant such as thallium with high rate of

diffusion in silica is used to maintain the difference in

refractive index.



Fiber - Cable Design

For fiber optic cables to be real alternatives
to copper cables, they must be able to be safely
installed and maintained in all environments where
metallic conductors are normally installed. Fiber
cables must have very good mechanical properties to
work in these environments such as underground
ducts.

However, glass optical fibers themselves are
very brittle and very susceptible to mechanical
handling. Therefore, the bare glass fibers are
surrounded by protective layers including coating and
cabling to be able to handle the mechanical impacts in
installation and maintenance.

There are four main functions of the fiber cabling:

1. Fiber protection,

2. Maintain fiber transmission characteristics,

3. Provide high cable strength

4. Identification and jointing of the fibers within the
cable.

The cable design must take account of these
requirements.



OPTICAL FIBER BUFFERING

Bare glass fibers are composed of
core and cladding and both are based on
silica or other glass materials. The glass
surface are susceptible to abrasion and
mechanical flaws.

To protect this bare glass fiber, a UV
material coating is applied to it during the
fiber drawing process. This diameter of this
primary coating is usually 250 μm for single
mode and multimode fibers, but 400 μm is
also very common in polarization
maintaining fibers.

A secondary buffer coating is then
applied to the fibers to give protection
against external mechanical and
environmental factors. This layer may take
different designs and its main function is to
prevent micro-bending losses.

There are three different types of Secondary
Buffer Coating.

1.Tight buffer : A 900 μm diameter hard
plastic material is coated as the secondary buffer layer.
The material is usually Nylon, Hytrel or Tefzel and it
provides stiffening for the fiber against outside
microbending influences.

2.Loose tube buffer : Another alternative
approach to a direct tight buffer coating is to use a
900um loose tube. The 250um or 400um bare fiber is
placed in an oversized loose tube in which the fiber is
mechanically isolated from external forces.

3.Filled loose tube buffer :The loose tube
discussed above can be filled with moisture-resistant
compound which provides mechanical protection and
a water barrier layer around the fiber. This filling
material is generally petroleum or silicone-based
compounds.

1.Tight buffer     2.Loose Tube      3. Filled loose 
buffer                         tube buffer



FIBER OPTIC CABLE STRUCTURAL AND 
STRENGTH MEMBERS

For large fiber count cables, a structural
member is placed in the center of the fiber cable to
provide a foundation that buffered fibers are wrapped
around. In most cases, this central structural member
also serves as the strength member to function as the
primary load-bearing element.

Structural and strength members can be
solid or stranded steel wire, Kevlar or fiber glass
materials. They must have a high Young’s modulus,
high strain capability, flexibility and low weight per
unit length.

FIBER CABLE JACKET

The fiber cable must be covered with an 
outer sheath in order to reduce abrasion and provide 
protection from outside mechanical forces such as 
crushing. This layer is usually made of plastics and is 
called fiber cable jacket or fiber cable sheath.

WATER BARRIER

Fibers are susceptible to long-term
degradation caused by hydroxyl ion contamination.
The plastic sheath material gives very limited
protection against the penetration of water into the
cable. This is especially true for submarine fiber cables
which may be subjected to the static pressure of
several kilometers of seawater.

Common water barriers for ordinary cables include:

1. An axially laid aluminium foil or polyethylene
laminated film immediately inside the plastic sheaths.

2. The use of moisture resistant compounds around
the fibers.

Moisture resistant compounds include
petroleum jelly and silicone rubber. These filling
compounds need to be soft, self-healing, easily
removed, provide corrosion protection for metallic
cable components and do not degrade over time or
harm the other components. These materials have
another useful property in cushioning the fibers from

vibration.



Optical Fiber - Splicing
Definition: Splicing of optical fibers is
a technique used to join two optical fibers. This
technique is used in optical fiber communication,
in order to form long optical links for better as
well as long-distance optical signal
transmission. Splicers are basically couplers that
form a connection between two fibers or fiber
bundles.

At the time of splicing two optical
fibers, the geometry of the fibers, their proper
alignment and mechanical strength must be
taken into consideration.

Splicing Techniques



Fusion Splicing
Splicing of fibers by making use of the fusion

technique provides a permanent contact between the two
fibers. Here, the two fibers are thermally joined together. In
this technique an electric arc is used to form a thermal
connection between the two fibers.

First, the two fibers are aligned and butted in the
way of their connection, this alignment is done in a fiber
holder.

After this, the electric arc is switched on, that
heats the butt joint. The heating effect melts the ends of the
fiber and then the two fibers are bonded together.

After the formation of bond, junction is covered
with either polyethylene jacket or plastic coating so as to
protect the joint.

By making use of fusion splicing technique, the
splice generated losses are very less. The loss range lies
between 0.05 to 0.10 dB, both in case of single mode as well
as multimode optical fibers. The technique that provides this
amount of losses is very practical and useful. As only very
little portion of transmitted power gets lost.

However, when fusion splicing is done, the heat
provided must be in adequate amount. This is so because
sometimes excess heat can generate fragile (delicate) joint.

.



Mechanical Slicing - V Grooved Splicing
In this splicing technique, initially a V-

shaped substrate is taken and the two fiber
ends are butted in the groove. Once the two
gets placed inside the groove in proper
alignment then they are bonded by an
adhesive or index matching gel. This adhesive
provides proper grip to the connection.

The V substrate can be either
composed of plastic, silicon, ceramic or any
metal.

However, the fiber losses are more in
case of this technique as compared to the
fusion technique. Also, these losses majorly
depend on the core and cladding diameter as
well as core position with respect to the centre.

It is to be noted here that the two
fibers do not form a continuous smooth
connection as in the previously discussed case.
Also, the joint is semi-permanent.

.



Mechanical Slicing - Elastic Tube Splicing

It is a technique of splicing the fiber
with the help of the elastic tube and majorly
finds its application in case of the multimode
optical fiber. The fiber loss, in this case, is almost
similar to that of the fusion technique. However,
the need for equipment and skill is somewhat
less than the fusion splicing technique. Basically,
the elastic material is rubber, inside which a
small hole is present. The diameter of this hole is
somewhat less than the diameter of the fiber to
be spliced. Also, tapering is done at the ends of
both the fibers in order to allow easy insertion
inside the tube.

So, when the fiber with a slightly larger
diameter than the hole is inserted inside the
hole then, it eventually gets expanded as a
symmetrical force is exerted by the material on
the fiber.

Due to this symmetricity, proper
alignment between the two fibers is achieved. In
this method, different diameters of fiber can be
spliced as here the fiber moves according to the
axis of the tube.

.



Advantages and Disadvantages of Splicing

Advantages of fiber splicing

1.It allows long-distance optical signal transmission.

2.Less reflection at the time of signal transmission.

3.Splicing provides almost permanent connection of the two fibers.

Disadvantages of fiber splicing

1.Sometimes the fiber losses are very much higher than the acceptable limits.

2.Splicing increases, the overall cost of the optical fiber communication system.

Splicing basically provides permanent or semi-permanent joints. Also, sometimes the two 
fibers are joint on a temporary basis. So, connecting the two optical fibers temporarily is done by 
connectors.



Fiber Connection
There are many occasions when it is necessary to

connect a fibre optic cable to another item. It is necessary that the
fibre optic cable is correctly interfaced so that the minimum amount
of light is lost. To achieve this it is necessary to use the correct form
of fibre optic connector.

While fibre optic connectors offer a very convenient
method of connecting fibre optic cables, they should only be used
where necessary. They introduce a loss at each connection.
Typically the value is between 10 and 20 percent.

Connector basics

The fibre optic connector basically consists of a rigid
cylindrical barrel surrounded by a sleeve. The barrel provides the
mechanical means by which the connector is held in place wit the
mating half. A variety of methods are used to ensure the connector
is held in place, ranging from screw fit, to latch arrangements. The
main requirement is that the end of the fibre optic cable is held
accurately in place so that the maximum light transfer occurs.

As it is imperative that the optical fibre is held securely
and accurately in place, connectors will normally be designed so
that the fibre is glued in place, and in addition to this strain relief is
also provided

Fibre ends may also be polished. For single mode fibre,
the ends may be polished with a slight convex curvature so that the
centres of the cables from the two connectors achieve physical
contact. This approach reduces the back reflections, although the
level of loss may be slightly higher.

Fibre optic connector types

Fibre optic connectors come in a variety of formats.
These different fibre optic connectors may be used in slightly
different applications or under different circumstances, as each type
has its own capabilities.

There is a wide variety of different fiber optic
connectors available. A selection of some is given below:

Plastic fiber optic cable connectors As the name implies,
these fibre optic cable connectors are only used with plastic fibre
optic cabling.



Fiber Optic Connectors

Fiber connector, also called fiber optic cable connectors, are often used to link optical fibers where a 
connect or disconnect capability is needed. Fiber optic cable connectors come in many 
configurations and usages, and simplify fiber optic cable installation and maintenance greatly. A 
number of fiber connector types have been evolved and withstood the test of time to become 
industry standards.



Types of  Fiber Optic Connector

SC Fiber optic Connector : This form of connector is mainly used with single-mode fiber optic
cables. The connector is simple low cost and reliable. The location and alignment is provided using a
ceramic ferrule. It also has a locking tab to enable it to be mated and removed without fear of it
accidentally falling loose.

ST fiber optic connector :   ST fiber optic connector adopts a bayonet type locking structure with a 
key and the pin body is a precision ceramic pin having an outer diameter of 2.5 mm, and the end face 
shape of the pin is usually a PC surface.

LC fiber optic connector : The LC type connector was developed by the famous Bell Research
Institute. The size of the pins and sleeves used is half that of ordinary SC, FC, etc., which is 1.25 mm.
This can increase the density of the fiber optic connectors in the optical distribution frame. At
present, in the single-mode SFF, the LC type connector has actually occupied a dominant position,
and the application in multi-mode has also grown rapidly.

FC/PC : This form of fibre optic connector is used for single-mode fiber optic cable. It provides very
accurate positioning of the single-mode fiber optic cable with respect to transmitter (optical source)
or the receiver (optical detector).

MPO/MTP fiber connector: MPO/MTP fiber connector is a multi-fiber connector which combines
fibers from 12 to 24 fibers in a single rectangular ferrule. It’s often used in 40G and 100G optical
parallel connections. Compared with other fiber connectors mentioned above, MPO/MTP fiber
connectors are more complicated. Because there are key-up and key-down, male and female
MPO/MTP connectors.



Unit IV   LASER

LASERS - Light Amplification by Stimulated Emission of Radiation
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Properties of Laser

1. The light emitted from a laser is monochromatic, that is, it is of one color/wavelength.  

In contrast, ordinary white light is a combination of many colors (or wavelengths) of light. 

2. Lasers emit light that is highly directional, that is, laser light is emitted as a relatively 

narrow beam in a specific direction. Ordinary light, such as from a light bulb, is emitted in many 

directions away from the source. 

3.The light from a laser is said to be coherent, which means that the wavelengths of the 

laser light are in phase in space and time. Ordinary light can be a mixture of many wavelengths. 

These three properties of laser light are what can make it superior than ordinary light. 

Laser light can deposit a lot of energy within a small area.



Basic concepts for a laser

• Absorption

• Spontaneous Emission 

• Stimulated Emission 

• Population inversion



Absorption

When an external photon  , with energy  E2 – E1 = hν , incident on a 
group of atoms,
The photon  is absorbed by an atom in the lower level E1 and excited to 
the higher level E2.



Spontaneous Emission

The atom  in the higher energy level E2 decays ( jumps )  to lower 
energy level  E1 by  the emission of a photon  with energy 

E2 – E1 = hν
It is a completely random process.



Stimulated Emission

When an external photon  , with energy  E2 – E1 = hν , incident on a group of atoms,

This external photon triggers ( forces ) an atom in the higher energy level E2 to jump to the 
lower level E1.

Along with incident photon additional photon with same energy is emitted. These two photon 
are in same phase. ( Coherent)



Properties of Stimulated Emission

The photons emitted by stimulated emission have unique 
properties: 

• In phase with the incident photon 

• Same  wavelength as the incident photon 

• Travel in same direction as incident photon 



Population Inversion

• Normally the number of atoms  N1 in the lower energy level E1
is greater than the number of atoms N2 in the higher energy 
level  E2.       ( N1 > N2 )

• In population inversion,  the number of atoms  N2 in the higher 
energy level E2 is greater than the number of atoms N1 in the 
lower energy level  E1.     ( N2  > N1 ) 

• The process of producing a population inversion is called 
pumping.

• Examples: 

→by lamps of appropriate intensity

→by electrical discharge



Components of LASER

Every LASER consists of three 
basic components. 

They are 

1. Lasing material or active 
medium.

2. External energy source           
( To produce population inversion )

3. Optical resonator.                    
( Perfect Reflector and Partial Reflector)



Ruby Laser
A ruby laser is a solid-state laser that uses

the synthetic ruby crystal as its laser medium. Ruby
laser is the first successful laser developed by
Maiman in 1960. It is one of the few solid-state
lasers that produce visible light. It emits deep red
light of wavelength 694.3 nm.

Construction

In a ruby laser, a single crystal of ruby
(Al2O3 : Cr3+) in the form of cylinder acts as a laser
medium or active medium. The laser medium
(ruby) is made of the host of sapphire (Al2O3)
which is doped with small amounts of chromium
ions (Cr3+). The ends of the cylindrical ruby rod are
flat and parallel. At one end of the rod, the mirror
is fully silvered whereas, at another end, the mirror
is partially silvered.

The ruby rod is wounded over by a helical
Xenon Flash Lamp. This flashlamp supplies energy
to the laser medium (ruby). The Cr3+ ions in the
lower level E1 absorb energy and jumps to E3.



The lifetime of the level E3 is very small (10-8 sec)
so the atoms do not stay for long period. After a short
period, they fall into the metastable state E2. This is a
radiation less transition. The lifetime of metastable state
E2 is 10-3 sec which is much greater than the lifetime of the
excited level E3. This results in an increase in the number of
electrons in the metastable state E2 and hence population
inversion is achieved between the levels E1 and E2.

After some period, the atoms in the metastable
state E2 falls into the lower energy state E1 by releasing
energy in the form of photons. This is called spontaneous
emission of radiation.

When the emitted photon interacts with the atom
in the metastable state, it forcefully makes that atom fall into
the ground state E1. As a result, two photons are emitted.
This is called stimulated emission of radiation.

When these emitted photons again interacted with
the metastable state atoms, then 4 photons are produced.
Because of this continuous interactions , millions of photons
are produced.

The amplified light ( Laser Light ) with wavelength
694.3 nm escapes through the partially reflecting mirror.



He - Ne Laser

The Helium-Neon laser was the

first continuous laser.It was invented by
Javan et. al. in 1961.

It consists of a long discharge
tube of length 50 cm and diameter 1 cm.
The tube is filled with a mixture of He and
Ne in the ratio 10:1. Electrodes are
provided to produce a discharge in the gas
and they are connected to high voltage
power supply. The tube is sealed by
inclined windows arranged at its end. On
the axis of tube two reflectors are fixed
which forms resonator.



He Ne gas laser employ four level pumping
schemes. When the power is switched on the electric
field ionizes some of the atoms in the mixture of He
and Ne gases. Due to electric field, the electrons and
ions will be accelerated towards anode and cathode.
Since electron have smaller mass they acquire higher
velocity and He atoms are lighter in weight and
therefore readily excitable.

He + e* --------- He* + e

Ne + He* ---------- Ne* + He

The energetic electrons excite He atoms to
excited states F2 and F3 which lies at 19 ev and 20 ev
above the ground state. These are metastable states
for helium. Though the radiative transitions is
forbidden, the excited He atom can return to the
ground state by transferring their energy to Ne
atoms through collision. Such an energy transfer can
take place only when the two colliding atoms have
identical energy states. E6 and E4 level of Ne atom
nearly coincides withF3 and F2 of Helium.



Ne atoms acquires energy and goes to excited state and helium atoms return to ground state by
transferring their energy to Ne atoms. This is main pumping mechanism. Ne atoms are active centers and Helium
plays the role of pumping agent. The probability of energy transfer from Ne to He atom is less as there are 10 Helium
atoms to 1 Neon atom. E6 and E4 states are metastable states as collision goes on neon atoms accumulate in these
states whereas E5 and E3 level of neon are sparsely populated.

Therefore, a state of population inversion is achieved between E6 and E5, E6 and E3 and E4 and E3.
Consequently, three laser transitions take place.

E6-----E5 33900 A° (far IR region)
E6-------E3 6328 A° (visible)
E4----E3 11500 A° (IR region).
As the terminal levels of lasing transitions are sparsely populated the fraction of Ne atom that must be

excited to upper level can be much less. As such the power required for pumping is low. Random photons emitted
spontaneously sets stimulated emission and coherent radiation is produced. From E5 and E3 level neon atom can
make downward transition to E2 level. Incoherent light is emitted due to spontaneous transition. As lower levels
depopulate faster than upper levels it is easier to maintain population inversion throughout laser operation. E2 is
again a metas table state.

Therefore, Ne atoms tends to accumulate at this level again. However, they are made to collide with the
walls of discharge tube and they give up their energy and returns to ground state.

Role of Helium atoms : Being a good conductor of heat, He acts as a coolant and no separate cooling system is
required. He atoms being lighter than Ne atoms absorbs the energy from the high energy electrons easily and very
fast.The ratio He : Ne=10:1 makes the probability of energy transfer for He atoms to Ne atoms much higher than that
of the reverse.

Merits: Continuous output laser source ,Highly stable ,No separate cooling is required

Demerits : Low efficiency and low power output,Gases are novel medium for laser as gases are found in the purest
form so their optical properties are well defined.



Semiconductor Laser
Light emission of semiconductor laser

A semiconductor laser  is a device that produces  laser 
oscillation in a PN junction. The mechanism of light emission is the 
same as a light-emitting diode (LED). Light is generated by flowing 
the forward current to a p-n junction. In forward bias operation, 
the p-type layer is connected with the positive terminal and the n-
type layer is connected with the negative terminal, electrons enter 
from the n-type layer and holes from the p-type layer. When the 
two meet at the junction, an electron drops into a hole and light is 
emitted at the time.

Basic structure of semiconductor lasers
The basic structure of a semiconductor laser is shown in 

Figure 1. The active layer (light emission layer) sandwiched 
between the p- and n-type clad layers (double heterostructure) is 
formed on an n-type substrate, and voltage is applied across the p-
n junction from the electrodes. Both edges of the active layer has 
mirror-like surface. When forward voltage is applied, electrons 
combine with holes at the p-n junction, and emit light. This light is 
not a laser yet; it is confined within the active layer because the 
refractive index of the clad layers are lower than that of the active 
layer. In addition, both ends of the active layer act as a reflecting 
mirror where the light reciprocates in the active layer. Then, the 
light is amplified by the stimulated emission process and laser 
oscillation is generated



Advantages of Semiconductor Laser

It employs passive cooling technique in its design.
It consumes less power.
It is very efficient. It offers excellent efficiency with very high operation duration.
It is very easy in operation.
Semiconductor lasers are cheap and economical to afford.
It offers long life, highly monochromatic, tunable and continuous beam.
It is simple in design/construction and compact in size. Mirrors are not required unlike other 
laser types.

Drawbacks or disadvantages of Semiconductor Laser

This laser is not suited for many applications due to its low power production.
The temperature affects its output.
The output beam profile has unusual shape due to lasing medium's too short size and 
rectangular shape.
Beam divergence is much greater compare to other laser types.
Its cooling requirement is considered to be its drawback in some cases.



Unit  - V

Optical Sources and Detectors

. Optical Sources

Optical transmitter coverts electrical input signal into

corresponding optical signal. The optical signal is then

launched into the fiber. Optical source is the major

component in an optical transmitter.

Popularly used optical transmitters are Light Emitting Diode

(LED) and semiconductor Laser Diodes (LD).



Characteristics of Light Source of Communication

To be useful in an optical link, a light source needs the following characteristics:
i)It must be possible to operate the device continuously at a variety of temperatures for many  
years.

ii)It must be possible to modulate the light output over a wide range of modulating frequencies.
iii)For fiber links, the wavelength of the output should coincide with one of transmission  
windows for the fiber type used.

iv)To couple large amount of power into an optical fiber, the emitting area should be small.

v)To reduce material dispersion in an optical fiber link, the output spectrum should be narrow.

vi)The power requirement for its operation must be low.

vii)The light source must be compatible with the modern solid state devices.

viii)The optical output power must be directly modulated by varying the input current to the  

device.

ix)Better linearity of prevent harmonics and intermodulation distortion.

x)High coupling efficiency.

xi)High optical output power.

xii)High reliability.

xiii)Low weight and low cost.
Two types of light sources used in fiber optics are light emitting diodes (LEDs) and laser  

diodes (LDs).



2. Light Emitting Diodes (LEDs)

P-n Junction

Conventional p-n junction is called as homojunction as same semiconductor material

is sued on both sides junction. The electron-hole recombination occurs in relatively

wide layer = 10 μm. As the carriers are not confined to the immediate vicinity of

junction, hence high current densities can not be realized .

The carrier confinement problem can be resolved by sandwiching a thin layer (=

.1 μm) between p-type and n-type layers. The middle layer may or may not be

doped. The carrier confinement occurs due to band gap discontinuity of the junction.

Such a junction is call heterojunction and the device is called double

heterostructure.

In any optical communication system when the requirements is –

i)Bit rate f 100-2—Mb/sec.
ii)Optical power in tens of micro watts. LEDs are best suitable
optical source.



LED Structures Heterojunction

A heterojunction is an interface between two adjoining single
crystal semiconductors with different band gap.

Heterojunction are of two types, Isotype (n-n or p-p) or Antistype (p-n).

Double Heterojunction (DH)

In order to achieve efficient confinement of emitted radiation double heterojunction are used in

LED structure. A heterojunction is a junction formed by dissimilar semiconductors. Double

heterojunction (DH) is formed by two different semiconductors on each side of active region. Fig.

3.1.1 shows double heterojunction (DH) light emitter.

The crosshatched regions represent the energy levels of free charge. Recombination occurs only

in active InGaAsP layer. The two materials have different band gap energies and different refractive

indices. The changes in band gap energies create potential barrier for both holes and electrons. The

free charges can recombine only in narrow, well defined active layer side.

A double heterojunction (DH) structure will confine both hole and electrons to a narrow active

layer. Under forward bias, there will be a large number of carriers injected into active region where

they are efficiently confined. Carrier recombination occurs in small active region



so leading to an efficient device. Antoer advantage DH structure is that the

active region has a higher refractive index than the materials on either side,

hence light emission occurs in an optical waveguide, which serves to narrow

the output beam



LED configurations

At present there are two main types of LED used in optical fiber links –

1.Surface emitting LED.

2.Edge emitting LED.

Both devices used a DH structure to constrain the carriers and the light to an active layer.

Surface Emitting LEDs
In surface emitting LEDs the plane of active light emitting region is oriented  

perpendicularly to the axis of the fiber. A DH diode is grown on an N-type substrate at the top
of
the diode as shown in Fig. 3.1.2. A circular well is etched through the substrate of the device. 
A  fiber is then connected to accept the emitted light.



At the back of device is a gold heat sink. The current flows through the p-type material  

and forms the small circular active region resulting in the intense beam of light.

Diameter of circular active area = 50 μm

Thickness of circular active area = 2.5 μm  

Current density = 2000 A/cm2 half-power  

Emission pattern = Isotropic, 120o beamwidth.

The isotropic emission pattern from surface emitting LED is of Lambartian pattern. In

Lambartian pattern, the emitting surface is uniformly bright, but its projected area

diminishes as cos θ, where θ is the angle between the viewing direction and the normal to

the surface as shown in Fig. 3.1.3. The beam intensity is maximum along the normal.



The power is reduced to 50% of its peak when θ = 60o, therefore the total half-power  

beamwidth is 120o. The radiation pattern decides the coupling efficiency of LED.

Edge Emitting LEDS (ELEDs)



In order to reduce the losses caused by absorption in the active layer and to make the

beam more directional, the light is collected from the edge of the LED. Such a device is

known as edge emitting LED or ELED.

It consists of an active junction region which is the source of incoherent light and two

guiding layers. The refractive index of guiding layers is lower than active region but

higher than outer surrounding material. Thus a waveguide channel is form and optical

radiation is directed into the fiber. Fig. 3.1.4 shows structure of ELED.

Edge emitter‘s emission pattern is more concentrated (directional) providing improved

coupling efficiency. The beam is Lambartian in the plane parallel to the junction but diverges

more slowly in the plane perpendicular to the junction. In this plane, the beam divergence is

limited. In the parallel plane, there is no beam confinement and the radiation is Lambartian. To

maximize the useful output power, a reflector may be placed at the end of the diode opposite the

emitting edge. Fig. 3.1.5 shows radiation from ELED.



Features of ELED:

1.Linear relationship between optical output and current.

2.Spectral width is 25 to 400 nm for λ = 0.8 – 0.9 μm.

3.Modulation bandwidth is much large.

4.Not affected by catastrophic gradation mechanisms hence are more reliable.



5.ELEDs have better coupling efficiency than surface emitter.

6.ELEDs are temperature sensitive.

Usage :

1.LEDs are suited for short range narrow and medium bandwidth links.

2.Suitable for digital systems up to 140 Mb/sec.

3.Long distance analog links.

Light Source Materials

The spontaneous emission due to carrier recombination is called electro luminescence. To

encourage electroluminescence it is necessary to select as appropriate semiconductor material. The

semiconductors depending on energy band gap can be categorized into,

1.Direct band gap semiconductors.

2.Indirect band gap semiconductors.

Some commonly used band gap semiconductors are shown in following table 3.1.1



Direct band gap semiconductors are most useful for this purpose. In direct band gap  

semiconductors the electrons and holes on either side of band gap have same value of



crystal momentum.Hence direct recombination is possible. The recombination occurs  within 

10-8 to 10-10 sec.

In indirect band gap semiconductors, the maximum and minimum energies occur at  Different 

values of crystal momentum. The recombination in these semiconductors is  quite slow i.e. 10-2 

and 10-3 sec.

The active layer semiconductor material must have a direct band gap. In direct band gap

semiconductor, electrons and holes can recombine directly without need of third particle to

conserve momentum. In these materials the optical radiation is sufficiently high.

These materials are compounds of group III elements (Al, Ga, In) and group V element (P, As,

Sb). Some tertiary alloys Ga Al As are also used. Emission spectrum of Ga1-x AlxAs LED is

shown in Fig. 3.1.6.



The peak output power is obtained at 810 nm. The width of emission spectrum at half power (0.5) is referred

as full width half maximum (FWHM) spectral width. For the given LED FWHM is 36 nm.

The fundamental quantum mechanical relationship between gap energy E and frequency v is given as –



where, energy (E) is in joules and wavelength (λ) is in meters. Expressing the gap energy  (Eg) 

in electron volts and wavelength (λ) in micrometers for this application.

Different materials and alloys have different bandgap energies.

The bandgap energy (Eg) can be controlled by two compositional parameters x and y,

within direct bandgap region. The quartenary alloy In1-x Gax Asy P1-y is the principal

material sued in such LEDs. Two expression relating Eg and x,y are –

Quantum Efficiency and Power

The internal quantum efficiency (ηint) is defined as the ratio of radiative recombination rate to  

the total recombination rate.

Where,

Rr is radiative recombination rate.

Rnr is non-radiative recombination rate.

If n are the excess carriers, then radiative life time,

non-radiative life time,

The internal quantum efficiency is given as –



The recombination time of carriers in active region is τ. It is also known as bulk  

recombination life time.

Therefore internal quantum efficiency is given as –

\

If the current injected into the LED is I and q is electron charge then total number of  

recombination per second is –

Optical power generated internally in LED is given as –



Not all internally generated photons will available from output of device. The external

quantum efficiency is used to calculate the emitted power. The external quantum

efficiency is defined as the ratio of photons emitted from LED to the number of photons

generated internally. It is given by equation

The optical output power emitted from LED is given as –

Example 3.1.3 : The radiative and non radiative recombination life times of minority carriers in

the active region of a double heterojunction LED are 60 nsec and 90 nsec respectively.

Determine the total carrier recombination life time and optical power generated internally if the

peak emission wavelength si 870 nm and the drive currect is 40 mA. [July/Aug.-2006, 6 Marks]

Solutions:

Given : λ = 870 nm 0.87 x 10-6 m

τr = 60 nsec.  

τnr = 90 nsec.

I = 40 mA = 0.04 Amp.

i) Total carrier recombination life time:

ii) Internal optical power:



Advantages of LED

1. Simple design.

2. Ease of manufacture.

3. Simple system integration.

4. Low cost.

5. High reliability.

Disadvantages of LED

1. Refraction of light at semiconductor/air interface.

2.The average life time of a radiative recombination is only a few nanoseconds, therefore  

nodulation BW is limited to only few hundred megahertz.

3. Low coupling efficiency.

4. Large chromatic dispersion.

Comparison of Surface and Edge Emitting LED



Where, E1 is the lower state energy level.  

E2 is the higher state energy level.

Quantum theory states that any atom exists only in certain discrete energy state,

absorption or emission of light causes them to make a transition from one state to

another. The frequency of the absorbed or emitted radiation f is related to the difference

in energy E between the two states.

If E1 is lower state energy level. and E2 is higher state energy level.

E = (E2 – E1) = h.f.

Where, h = 6.626 x 10-34 J/s (Plank‘s constant).

An atom is initially in the lower energy state, when the photon with energy (E2 – E1) is

incident on the atom it will be excited into the higher energy state E2 through the

absorption of the photon.

Injection Laser Diode (ILD)

The laser is a device which amplifies the light, hence the LASER is an acronym for light

amplification by stimulated emission of radiation. The operation of the device may be

described by the formation of an electromagnetic standing wave within a cavity (optical

resonator) which provides an output of monochromatic highly coherent radiation.

Principle:

Material absorption light than emitting. Three different fundamental process occurs  

between the two energy states of an atom.

1) Absorption

2) Spontaneous emission

3) Stimulated emission.

Laser action is the result of three process absorption of energy packets (photons)

spontaneous emission, and stimulated emission. (These processes are represented by the

simple two-energy-level diagrams).



When the atom is initially in the higher energy state E2, it can make a transition to the  

lower energy state E1 providing the emission of a photon at a frequency corresponding to E =

h.f. The emission process can occur in two ways.

A)By spontaneous emission in which the atom returns to the lower energy state in random  

manner.

B)By stimulated emission when a photon having equal energy to the difference between the two  

states (E2 – E1) interacts with the atom causing it to the lower state with the creation of the

second photon.

Spontaneous emission gives incoherent radiation while stimulated emission gives

coherent radiation. Hence the light associated with emitted photon is of same frequency of

incident photon, and in same phase with same polarization.

It means that when an atom is stimulated to emit light energy by an incident wave, the

liberated energy can add to the wave in constructive manner. The emitted light is bounced back

and forth internally between two reflecting surface. The bouncing back and forth of light wave

cause their intensity to reinforce and build-up. The result in a high brilliance, single frequency

light beam providing amplification.

Emission and Absorption Rates

It N1 and N2 are the atomic densities in the ground and excited states.

Rate of spontaneous emission

Rspon = AN2

Rate of stimulated emission

Rstim = BN2 ρem

Rate of absorption



Rabs = B‘ N1 ρem

Where,

A, B and B‘ are constants.  

ρem is spectral density.

Under equilibrium condition the atomic densities N1 and N2 are given by Boltzmann statistics.

Where,

KB is Boltzmann constant.  

T is absolute temperature.

Under equilibrium the upward and downward transition rates are equal. AN2 + BN2 ρem =  

B‘ N1 ρem Spectral density ρem

Comparing spectral density of black body radiation given by Plank‘s formula,

A and B are called Einstein‘s coefficient.

3. Fabry – Perot Resonator

Lasers are oscillators operating at frequency. The oscillator is formed by a resonant cavity

providing a selective feedback. The cavity is normally a Fabry-Perot resonator i.e. two parallel

plane mirrors separated by distance L,



Light propagating along the axis of the interferometer is reflected by the mirrors back to the

amplifying medium providing optical gain. The dimensions of cavity are 25-500 μm longitudinal

5-15 μm lateral and 0.1-0.2 μm transverse. Fig. 3.1.10 shows Fabry-Perot resonator cavity for a

laser diode.

The two heterojunctions provide carrier and optical confinement in a direction normal to the

junction. The current at which lasing starts is the threshold current. Above this current the output

power increases sharply.

Distributed Feedback (DFB) Laser

In DFB laser the lasing action is obtained by periodic variations of refractive index along

the longitudinal dimension of the diode. Fig. 3.1.11 shows the structure of DFB laser diode.



Lasing conditions and resonant Frequencies

The electromagnetic wave propagating in longitudinal direction is expressed as –

E(z, t) = I(z) ej(ω t-β z)

where,

I(z) is optical field intensity.  

Ω is optical radian frequency.  

β is propagation constant.

The fundamental expression for lasing in Fabry-Perot cavity is –

Γ is optical field confinement factor or the fraction of optical power in the active layer.  

α is effective absorption coefficient of material.

g is gain coefficient.  

h v is photon energy.

z is distance traverses along the lasing cavity.

Lasing (light amplification) occurs when gain of modes exceeds above optical loss during

one round trip through the cavity i.e. Z = 2L. If R1 and R2 are the mirror reflectivity‘s of the two  

ends of laser diode. Now the expression for lasing expressing is modified as,

The condition of lasing threshold is given as –

i) For amplitude: I (2L) = I (0)

ii) For phase: e-j2β L = 1

iii) Optical gain at threshold = Total loss in the cavity.

i.e. Γ gth = αt

Now the lasing expression is reduced to –

Where,

Α end is mirror loss in lasing cavity.

An important condition for lasing to occur is that gain, g ≥ g th i.e. threshold gain.



External Quantum Efficiency

The external quantum efficiency is defined as the number of photons emitted per electron  

hole pair recombination above threshold point. The external quantum efficiency ηext is given by

Where,

ηi = Internal quantum efficiency (0.6-0.7).  

gth = Threshold gain.

α = Absorption coefficient.

Typical value of ηext for standard semiconductor laser is ranging between 15-20 %.

Resonant Frequencies

At threshold lasing

m is an integer.

Gain in any laser is a function of frequency. For a Gaussian output the gain and frequency are  

related by expression –

where,

g(0) is maximum gain.



λ0 is center wavelength in spectrum.  

σ is spectral width of the gain.

The frequency spacing between the two successive modes is –

The wavelength Spacing is given as –

Optical Characteristics of LED and Laser

The output of laser diode depends on the drive current passing through it. At low drive

current, the laser operates as an inefficient Led, When drive current crosses threshold value,

lasing action beings. Fig. 3.1.13 illustrates graph comparing optical powers of LED operation

(due to spontaneous emission) and laser operation (due to stimulated emission).

Advantages of Laser Diode

1. Simple economic design.

2. High optical power.

3. Production of light can be precisely controlled.

4. Can be used at high temperatures.

5. Better modulation capability.

6. High coupling efficiency.

7. Low spectral width (3.5 nm)

8. Ability to transmit optical output powers between 5 and 10 mW.

9. Ability to maintain the intrinsic layer characteristics over long periods.



Disadvantages of Laser Diode

1.At the end of fiber, a speckle pattern appears as two coherent light beams add or subtract their

electric field depending upon their relative phases.

2.Laser diode is extremely sensitive to overload currents and at high transmission rates, when

laser is required to operate continuously the use of large drive current produces unfavorable

thermal characteristics and necessitates the use of cooling and power stabilization.

Comparison of LED and Laser Diode

Optical Detectors

Principles of Optical Detectors



2

The photo detector works on the principle of optical absorption. The main requirement of

light detector or photo dector is its fast response. For fiber optic communication purpose most

suited photo detectors are PIN (p-type- Intrinsic-n-type) diodes and APD (Avalanche

photodiodes)

The performance parameters of a photo detector are responsivity, quantum efficiency,

response time and dark current.

Cut-off Wavelength (λc)

Any particular semiconductor can absorb photon over a limited wavelength range. The

highest wavelength is known as cut-off wavelength (λc). The cut-off wavelength is determined

by band gap energy Eg of material.

where,

Eg inelectron volts (eV) and

λc cut-off wavelength is in μm.

Typical value of λc for silicon is 1.06 μm and for germanium it is 1.6 μm.

Quantum Efficiency (η)

The quantum efficiency is define as the number of electron-hole carrier pair generated per  

incident photon of energy h v and is given as –

where, Ip is average photocurrent.

Pin is average optical power incident on photo detector.

Absorption coefficient of material determines the quantum efficiency. Quantum

efficiency η < 1 as the entire photons incident will not generate e-h pairs. It is normally  expressed 

in percentage.



Responsivity gives transfer characteristics of detector i.e. photo current per unit incident  

optical power.

Typical responsivities of pin photodiodes are –

Silicon pin photodiode at 900 nm →0.65 A/W.

Germanium pin photodiode at 1.3 μm →0.45 A/W.  

In GaAs pin photodiode at 1.3 μm →0.9 A/W.

As the intensity of optical signal at the receiver is very low, the detector has to meet high

performance specifications. - The conversion efficiency must be high at the operating

wavelength. - The speed of response must be high enough to ensure that signal distortion does

not occur. - The detection process introduces the minimum amount of noise. - It must be possible

to operate continuously over a wide range of temperatures for many years. - The detector size

must be compatible with the fiber dimensions.

At present, these requirements are met by reverse biased p-n photodiodes. In these

devices, the semiconductor material absorbs a photon of light, which excites an electron from the

valence band to the conduction band (opposite of photon emission). The photo generated

Detector Responsivity

The responsivity of a photo detector is the ratio of the current output in amperes to the  

incident optical power in watts. Responsivity is denoted by



electron leaves behind it a hole, and so each photon generates two charge carriers. The increases

the material conductivity so call photoconductivity resulting in anincrease in the diode current.

The diode equation is modified as –

Where,

Id is dark current i.e. current that flows when no signal is present.  

Is is photo generated current due to incident optical signal.

PIN Photodiode

PIN diode consists of an intrinsic semiconductor sandwiched between two heavily doped  

p-type and n-type semiconductors as shown in Fig. 3.2.2.

Sufficient reverse voltage is applied so as to keep intrinsic region free from carries, so its

resistance is high, most of diode voltage appears across it, and the electrical forces are strong

within it. The incident photons give up their energy and excite an electron from valance to

conduction band. Thus a free electron hole pair is generated, these are called as photocarriers.

These carriers are collected across the reverse biased junction resulting in rise in current in

external circuit called photocurrent. In the absence of light, PIN photodiodes behave electrically

just like an ordinary rectifier diode. If forward biased, they conduct large amount of current. PIN

detectors can be operated in two modes : Photovoltaic and photoconductive. In photovoltaic

mode, no bias is applied to the detector. In this case the detector works very slow, and output

isapproximately logarithmic to the input light level. Real world fiber optic receivers never use the

photovoltaic mode. In photoconductive mode, the detector is reverse biased. The output in this

case is a current that is very linear with the input light power. The intrinsic region some what

improves the sensitivity of the device. It does not provide internal gain. The combination of



different semiconductors operating at different wavelengths allows the selection of material  

capable of responding to the desired operating wavelength

Depletion Layer Photocurrent

Consider a reverse biased PIN photodiode.

The total current density through depletion layer is –

Jtot = Jdr + Jdiff

Where,

Jdr is drift current density due to carriers generated in depletion region.

Jdiff is diffusion current density due to carriers generated outside depletion region.  

The drift current density is expressed as –

where,

A is photodiode area.

φ0 is incident photon flux per unit area.

Φ1 The diffusion current density is expressed as –

where,

Dp is hole diffusion coefficient.

Pn is hole concentration in n-type material.  

Pn0 is equilibrium hole density.
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Substituting in equation 3.2.7, total current density through reverse biased depletion layer

is –

Response Time

Factors that determine the response time of a photodiode are –

i) Transit time of photo carriers within the depletion region.

ii) Diffusion time of photo carriers outside the depletion region.

iii)RC time constant of diode and external circuit.  

The transit time is given by –

The diffusion process is slow and diffusion times are less than carrier drift time. By considering

the photodiode response time the effect of diffusion can be calculated. Fig. 3.2.4 shows the

response time of photodiode which is not fully depleted.

The detector behaves as a simple low pass RC filter having pass band of

where,

RT, is combination input resistance of load and amplifier.  

CT is sum of photodiode and amplifier capacitance.



Avalanche Photodiode (APD)

When a p-n junction diode is applied with high reverse bias breakdown can occur by two

separate mechanisms direct ionization of the lattice atoms, zener breakdown and high velocity

carriers impact ionization of the lattice atoms called avalanche breakdown. APDs uses the

avalanche breakdown phenomena for its operation. The APD has its internal gain which increases

its responsivity.

Fig. 3.2.5 shows the schematic structure of an APD. By virtue of the doping

concentration and physical construction of the n+ p junction, the electric filed is high enough to

cause impact ionization. Under normal operating bias, the I-layer (the p (region־ is completely

depleted. This is known as reach through condition, hence APDs are also known as reach

through APD or RAPDs.]

Similar to PIN photodiode, light absorption in APDs is most efficient in I-layer. In this

region, the E-field separates the carriers and the electrons drift into the avalanche region where

carrier multiplication occurs. If the APD is biased close to breakdown, it will result in reverse

leakage current. Thus APDs are usually biased just below breakdown, with the bias voltage being

tightly controlled.

The multiplication for all carriers generated in the photodiode is given as –

IM = Average value of total multiplied output current.  

IP = Primary unmultiplied photocurrent.

Responsivity of APD is given by –



Recommended Questions

1. List the characteristics of light sources required in optical communication.

2. Describe the construction and working of LED.

3. Explain the structure of surface emitting and edge emitting LEDs.

4. Compare the performance parameters of surface emitting LED and edge emitting LED.

5.Deduce the expression at internal quantum efficiency and internally generated optical power  

for LED. From this expression how external efficiency and power is calculated?

6. Explain the principle of laser action. Explain also the spontaneous and stimulated emission

process.

7. Give the necessary conditions for lasing threshold.

8. Explain the structure of –

i) Fabry-Perot resonator.

ii) DFB laser diode.



9. Derive expression for lasing condition and hence for optical gain.

10. Explain the power current characteristics of laser diode.

11. Give the expression for –

i) External quantum efficiency.

ii) Frequency spacing.

iii) Wavelength spacing.

State the significance of each parameter in the expression.

12. Compare the parameters of LED and LASER.

13. With a proper sketch briefly explain the structure of PIN diode.

14. Explain the following term relating to PIN photodiode with proper expressions.

i) Cut-off wavelength.

ii) Quantum efficiency.

iii) Responsivity.

15. Explain the structure and principle of working of APD.

16. Deduce the expression for total current density for APD.

17. How the response time of APD is estimated?

18. Give expression for pass band of APD detector.

19. Compare the performance parameters of PIN and APD.


