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UNIT 2 - WAVES AND OPTICS

LASER

| Nd-YAG LASER:
| Nd-YAGLASER:

» Nd-YAG laser is 2 Neodymium based laser.
5 Nd stands for Neodymium and YAG stands for Yttrium Aluminium Gamet (Y3 AlsO12)-

» Itisa four level solid state laser.

Principle:

>

A\

Y V VvV VY

‘1

|
{
i
!
)
J » The active medium Nd-YAG rod is optically pumped by Krypton flash tube.
§ » The neodymium ions (Nd") are raised to excited levels.
i » During transition from metastable state to ground state, laser beam of wave length 1.064 um
j is emitted.
" Construction: .

§ . . . .

: » A small amount of Yttrium ions are replaced by Neodymium ions in the active medium.

] % The Nd-YAG crystal is cut into a cylindrical rod.

» The Nd-YAG rod and a krypton flash tube are kept in an elliptical cavity.

» The optical resonator is formed by 100% reflecting mirror M; on one side and partial

reflecting mirror M; on other side.

The krypton flash tube is switched on and the light is fall on the laser rod.

The neodymium ions are excited from the ground state Eq to upper levels E; & Ey by
absorbing wavelength of 0.7um and 0.8um.

These ions will go to E; by Non-radiative transition,

Hence population inversion is achieved in metastable state E;

So Neodymium ions make a transition from E2 to El by emitting a photon,

The photons travel back and forth between two mirrors and the photos will multiply.

After enough strength is reached, laser light of wavelength 1.064pm is emitted through
partial reflecting mirror.
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non - radialive transition

Advantages:

> High energy output.

> Easy to achieve population inversion.

Disadvantages:

The cnergy levels of neodymium ions are complicated.

Applications:

» Itisused in welding, drilling etc.

> Itis used in endoscopy, urology and neurosurgery

e s e e S i L |

SEMICONDUCTOR DIODE LASER ﬂNJECTlON LASER):

There are two types of Semiconductor diode laser.

v" Homo junction Semiconductor diode laser

v Hetero junction Semiconductor diode laser

Homo junction Semiconductor diode laser:

Definition:

I

% The diode laser is made up of same type of semiconducting material on both sides ofﬁi

>

junction is called Homo junction Semiconductor diode laser.

Example : GaAs (Gallium Arsenide)

> ltis specially fabricated p-n junction diode and it is forward biased.

Principle:

(S

ld

recombine with each other at the junction.

» During recombination process, light of photon is emitted.

Construction:

S
r

Y Y

v

A4

The active medium (p-n junction diode) is made up of single crystal of gallium arsenide.

This crystal is cut into platelet having thickness 0.5mm.

The platelet consists of n region and p region.

applied through the metal electrodes.

|
i
[.
'
|

When p-n junction is forward biased, the electrons from n region and holes from p regic.

|}

3

The end faces of p-n junction are well polished and it act as optical resonator through \"hl‘

laser light is emitted.

s ¥

R TR AT T

Working:

These photons move at the plane of the junction travel back and forth between two polished
surfaces of the junction.

A4

1
|“

! Advantages:

» When the p-
region.
» The region around the j

holes in valence band.

» Now the electrons and hole recombines with each other.

During recombination process, light of photons are emitted

>
( » When the forward bias voltage is i
»

Increased, more photons are emitted.

After enough strength is attained, a laser beam of wavelength 84004 is emitted from the
junction.

; Cond\_z'é'u‘.'iunvv\::;a;:l_
O ceosso0

W 2
Lager |-
poo00000 o\ Light . |
: __f?”hol;a' " Valence band ' _

S

> Very small size and compact
> High efficiency

. > ltis operated with less power

> Requires very fittle additional equipment

’ > It emits continuous wave output or pulsed output.

g

2 _;Disadvantages:

The metal electrodes are connected to upper and lower surface and forward bias voltage: - > Large divergence

> Purity and monochromaticity are poor

> Poor coherence and stability

n junction i i
Junction is forward biased, the electrons and holes are injected into junction

unction contains large number of electrons in conduction band and
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Applications:
» Used in fiber o
% Used in laser printe
3 Used to heal the wounds

plic comumunication
rs and CD players

» Used as a pain killer

Helero junction Semiconductor diode lnser:

Definition:
» The diode laser is made

upol different type of semiconducting Materiglg
a

ntype and p type iscalled H

» Example : GaAs (Gallium Arsenide)
Iy fabricated p-n junction diode and it is forward biased,

and GaAlAs (Gallium Aluminjyp, A,

% Itis specia hige
Principle:

» When p-n junction is forward biased, the electrons from n regjon and oy

Oles

O

recombine with cach other at the junction. m, .

» During recombination process, light of photon is emitted.

Construction:
» It consists of five layers.
» Third layer (GaAs p-type) actasan active medium.
% It is kept in between Second layer (GaAlAs p-type) and Fourth layer (GaAlas e
% The metal electrodes are connected to upper and lower surface and forwapg blasYPc

applied through the metal electrodes.

» The end faces of p-n junction (Third and Fourth layer) is well polished and jy ,
Ct ag 9

resonator through which laser light is emitted.

Working:
» When the p-n junction is forward biased, the electrons and holes are injected into ju

region.

» The region around the junction contains large number of electrons in conduction bt
holes in valence band.

> Now the electrons and hole recombines with each other.

» During recombination process, light of photons are emitted.

» When the forward bias voltage is increased, more photons are emitted.

PR |

omo junction § Semiconductor diode laser, " two g,
Ny
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» These photons mave at (he

surfaces of the junction,

» Afler enough Strength is attained, a loser beam of wavelength

junction.
Con'dncﬁun:l'm“ﬁd
o 0000008

i A\ OS0666 g Tme

000000
DOOOODOO
free holes

P

Advantages:
© > Produces continuous wave output
> Output power is very high
*I")isadvanmges:
> High cost
> Itis difficult to grow different layers of p-n junction
Applications:
> Used in optical communication

_ » Used in computers, especially CD-ROM.

&
ke’

plane of the Junction travel back and forth between two polished

®

8000A is emitted from the

frea clectrons

Valenceband - -
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| 'APPLICATION OF LASER MA’[‘ERIALl’ROCESSIN(-‘): @

|
1

» A lnser setup used for welding, cutting, drilling is shown in figure,

» The light output from laser source is incident on a'plane mérror.

» After reflection, the laser light passes through the shutter to control the intensity of laser.
» Then there is a focusing lens assembly o get a fine beam.

» Further there is a shielding gas jet and powder feeder.

» The shielding gas jet is used to remove the molten materials.

» The powder feeder is used to spray the metal powder on the substrate.

» Using high power lasers, copper and aluminium can be welded and drilled.

Mirror &

N

laser
< source

A— shutter

H Focusing lens
>/assembly

Powder

Shielding
feeder

gasjet

Specimen

Laser Welding:

» Welding means joining of two or more metal pieces into single unit.
>
This is called Thermal effect.

As shown in figure, Let the two ends (A & B) of the specimen are brought together.
Now the laser beam is focused for a long time on the ends that are 10 be joined.

Due to thermal effect, portions that to be welded goes 1o molten liquid state.

At this particular state, atoms in one end diffuse to the atoms in other end.

YV V ¥V V VYV

Hence a perfect welding can be obtained.

If laser beam is focused on a particular area for longer time, heating effect will be produced.
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\
Advantages: ;‘
> Itis a contactless process. {
% It can be done even at very small places. \

» Any dissimilar metals can be welded.
Laser drilling; 5

» The high intensity laser beam is made to fall on the material.

» Due to application of laser beam for long time, the temperature of the material is increaseg
» Hence it is used to drilling holes. f

LoneY

role

Laser Cutting:

> The high intensity laser beam is made to fall on the material.

S

> Due to application of laser beam for long time, the temperature of the material is increaseq,

»~ Hence it is used to cutting materials.

o
}on

S Lavrhag PRNIS IO
Advantages:

> By high power Jaser like CO2 laser, glass and quarlz are easily cut

> It can be done at room temperature.

> Higher cutting speed can be achieved,

|
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% yPES OF OPTICAL Fipgp,
\ E E—— LT 1 V) | 9

e ‘ ®
| Optical fib sificd intn 10
& » Op tbers are classified ing different types based on
i v Material
v" Number of modeg
4

v Refractive index profile

a) Classification based on materjal:

> Based on material, jt js divided into two types.
v' Glass fiber

v Plastic fiber

 (i)Glass fiber:
» The optical fi

-

ber is made up of mixture of silica glasses and metal oxides.
» Example: Core Ge0,-8i0,, Cladding - Si0,.

(n)glastlc fiber:
> The optical fiber is made up of plastics.
» Example: Core ~Polystyrene, Cladding — Methyl methacrylate.

» Advantages: It is very cheap and flexible and it can be handles without any special
" care.

PR IR S R S HP RS B =
= Rl S

5% (b) Classification based on number of modes

'-l > Based on number of modes, it is divided into two types.

] v Single mode fiber
; v" Multimode fiber
:ji)Single mode fiber:

i

> Only one mode is transmitted through the optical fiber.

)z
Dz,

¢ > Itcan support only one mode of propagation.

>t oddi g

/f

\—9 Loy &

i Characteristics:

: % The core diameter is small.

> They have smail refractive index difference of core and cladding.
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Characleristics:

» lItis used in laser diodes.

% More than oné mode is transmitted through an optical fiber.

Characteristics:

.
% [t can support many modes of propagation.

» The core diameter i large and makes casier to launch the fiber through various

angles.

(C)Refractive index profile:

» The variation of refractive index with respect to radial distance from the fiber axis.
> Based on the variation in refractive index of core and cladding, it is divided into two
types.
v Step index fiber -
v Graded index fiber &

» Itis further divided into two types.
v Step index single mode fiber
v Step index multimode fiber
Step index single mode fiber:
$ The core diameter has 5 to 10 um and the cladding diameter has 50 to 125 pm.
% The refractive index changes in step at core cladding boundary.

$ Due to small core diameter, only singke mode can be transmitted.

7 W

d
%

» The core diameter is thin.

» Numerical aperture is very small.

B

!

(i) ‘s
iMultimode fiber: ll |

]

i

(i)Step index fiber:
$ The variation in refractive indices of core and cladding vary step by step.
[
|
I
{
!
|
i
|
!
}
|

<Y

g » It can support

{ ; ' port one mode of Propagation.
| » There is no signal logs,
1
1 » It has high bandwidth

! | Advantages:

» It has very high rate of data transmission

'; ; _
| > About 80% of the optical fiber is manufactured by 1k
! Disadvantages: ured by this method

> High cost

| Applications:

> Itisused in undersea cable for long distance communicati
unication.

» Itis used in submarine cable system
Step index multimode fiber:

» The ive i i
refractive index changes in step at core cladding boundary

S

» Large core diameter

» Low bandwidth

’. > Large numerical aperture
Advantages:

> Easy to operate

> Longer life

» Law cost

> Easy to couple the fiber
Disadvantages:

¥ Data transmission is less efficient.

» They suffer intermodal dispersion loss.

» Dueto lar i -
ge core diameter, many modes mode can be transmitted

Thc COr
> ter 5 to 200 um and the Clﬂddlng dlaﬂ]elel’ h 125 t 3 Hi
ore (halne € IIBS 0 as (+] 00 m.

T Rosiol Aisheaw
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Applications:
» Itisused in data links,

(i))Graded index fiber (multimode):

» The core diameter has 50 to 200 pum and the cladding diameter has 100 to 250 m,

» The refractive index of core is maximum at the axis of fiber and gradually decre

QSQS X
towards the cladding.

Rodial ay |

Y

Small numerical aperture

N

Intermediate bandwidth

A\

The source of light is LED or Laser.
> High quality fiber
> Intermodal dispersion loss is reduced
Disadvantages:
> High cost
> Fabrication is difficult
> Coupling of fiber s difficult
Applications:

> Itisused in intra city trunks between central telephone offices.
> Itisused in medium distance applications.

B
l.
§
f
i.

<
» When |
% l n IGTH Propagates through an optical fipey a smalp
;“ through differen; mechanijsmy, o S v
i > The loss of o tica] i
; . ptical fiber jg measureq decibel/kilomef f i
- — er for attenuatiop loss
Itis defined as (he ratio of opy
| Optical Power outpyt i i
| ctleng 1 Put to the optical Power input from 4 fiber
1
§ Attenuation ((1) = _2 Outpue Power
1 ) L LOg Imput power dB/Km
| Types of Attenuation [ oss:
i v Absorption Josg

v Scattering logs

V' Radiative loss
Absorption Loss:

ST

> Italso occurs due to presence of impy

rities in the fiber material,

1 > ltisa wavelength dependent loss.
> Ifthe light is passed through the fi

> This type of Scattering is called R;
|
‘Radiative [ oss;

ber, a portion of light is scattered.
ayleigh scattering.

> Dueto bending of fiber, it is classified into two types,

: ’ v Macroscopic bends — In this type the whole fiber will be bend and
hence the light ray escapes from the fiber.

v Microscopic bends — It js due to micro bending inside the fi

ber and this
appears during manufacturing.

- MHCrascopic beids
b p‘,"; ¥
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ionand Dispersion:
ical st

. o1 broadens as it propaga
Distor (0 the fibe, {he signal pagates
e opt
» When the O

the fiber. This

goal 1 sent In
s called dispersion:

[&E through

$ There are threc types of dispersion-
¢ Intermodal dispersion
v Material/Chromatic dispersion

v Waveguide dispersion

Intermodal dispersion:
% When more than on¢ mo
odes are propagating, the

differcnt time t0 propagate {hrough the fiber.

Material/Chromatic dispersion:

% This dispersion OCCUTS d

g through the fiber, this dispersion will occur.

de is propagatin
11 take

% Since many m y have different wavelength and Wi
» Sin y

ue to different wavelength of light travelling at different

speed inside the fiber.

Waveguide dispersion: .
les at which they incident on core-cladding

> This dispersion arises due to different ang |
|

‘ FIBER OPTIC SENSORS:

It is a transducer which conv

erts any form of signal to optical signal. Here optical

fiber is used as a guiding medium.

Types of Sensors:
f

% Intrinsic sensors (or) Active sensors ‘ :
i

% Extrinsic sensors (or) Passive sensors

Intrinsic Sensors (or) Active Sensors:

% The physical parameter are sensed directly act on the fiber.

» Example: Pressure/Temperature Sensor i
Pressure/Temperature Sensor:

Principle:

I
\
E
|

It is based on the principle of Interference between the beams emerging from
reference fiber and test fiber.

S e el Sl T

» A laser light is emitted from laser source

» The beam splitter spli .
plits the beam into two (i) mai .
in beam i) soli
at right angles to each other. ) eam ard (i) splitted beam exactly

> The main beam after passi
passing through .
lens L2, gh the reference fiber and it is made to falls on the

P P g Lh ns L3
1
> The S lltted beaﬂl asses thlou h 5 le and tis focused on the test flbel a“d 1t

» The two beams i
A ' after passing through the fiber produces a path difference due t
change in pressure and temperature, 0

» Du i i
¢ to path difference the interference pattern can be measured

Th T fol' ch; T T [emperature can be accur; P
i ang N pressure o Y
p u
> EreIore €1 [+ re t erat! b ately meast re(.l with the llel

: ;Extrmsnc Sensors (or) Passive Sensors:

> Inthi .
In this sensor, separate sensing element is used

> Example: Displacement Sensor

> Lighti itti
g ght is sent through a transmitting fiber and is made to fall on the moving target
The reflected light from the target is sensed by a detector. .

Description:
» It consists of laser source to emiy lase
r,
% A beam splitter mad
¢ of glass ig inclined at an ang|
beam gle of 457 is placed near to laser |
» Two fibers are placed (vi |
\j
. (via) Reference fiber js isolated from the envi |
Test fberis kept RO m the environment and the ‘1
» Separate lens system is provided and collects the beam
R
|
' i
Measuring ' |
{7 environmient. = |
{ Working:

Scanned by CamScanner



QUANERNRN

L WE R e ity of light weeetved, the

RN

TN Nt of panating five
TN the dotentorn.
AR ol samiding Ty and roveiving fiber withre

atwaaiing

N AR R A e sensitivity of the ““““ o

SEea Vo AR
~\"'~\'~:\\\ sl AR T
. % N

| Todag e

Workans:

» Light from laser source is transmitted through the transmitting fiber and it is made to

fall on the moving target.
» The light reflected from the target is made to pas.

derected by detector.

> Based on intensity of light received, the displacement can be measured.

$ If the received intensity is more, the target is moving towards the sensor.

> Ifthe received intensity is less, the target is moving away from the sensor.

spect to the moving targey oy |

displacement of the targe, . [
ot
\

s through the receiving fiber and itis |

1 pampfd

1 coupled to the laser source and the bungy, |
¢

ie

o |
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