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Blackbody Radiation Curves
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What Is Laser?

« A device produces a coherent beam of
optical radiation by stimulating electronic,
lonic, or molecular transitions to higher
energy levels

 When they return to lower energy levels by
stimulated emission, they emit energy.



Basic concepts for a laser

Absorption
Spontaneous Emission
Stimulated Emission

Population inversion



Absorption
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e Energy is absorbed by an atom, the electrons
are excited into vacant energy shells.



Spontaneous Emission
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=, Incoherent radiation
from excited atoms

 The atom decays from level 2 to level 1 through
the emission of a photon with the energy hv. It is
a completely random process.



Stimulated Emission

Coherent radiation
from excited atoms

Atoms in an upper energy level can be triggered or stimulated
In phase by an incoming photon of a specific energy.

— In phase with the incident photon
— Same wavelength as the incident photon

— Travel in same direction as incident photon



Population Inversion

A state in which a substance has been
energized, or excited to specific energy levels.

More atoms or molecules are in a higher excited
state.

The process of producing a population inversion
IS called pumping.

Examples:
—by lamps of appropriate intensity
—by electrical discharge



Laser Amplification

Stimulated emission can amplify light
Laser medium contains excited atom-like systems

Photons must have appropriate wavelength, polarization,
and orientation to be duplicated

Duplication is perfect; photons are clones
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| aser Oscillation

Laser medium in a resonator produces oscillator

A spontaneous photon is duplicated over and over
Duplicated photons leak from semitransparent mirror
Photons from oscillator are identical

Laser medium
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Properties of Laser light

Monochromatic

Concentrate in a narrow range of wavelengths (one
specific colour).

Coherent

All the emitted photons bear a constant phase relationship
with each other in both time and phase

Directional

A very tight beam which is very strong and concentrated in
space.

Pulsed (if wanted)

A very tight beam which is very strong and concentrated in
time.



Two-level Laser System

e Unimaginable

as absorption and stimulated processes
neutralize one another.

 The material becomes transparent.



Three-level Laser System

Highly Excited Level
Metastable

1] Level

Population
Inversion
Between

These 2 Levels

Excitation
Laser Transition

Ground
Three-Level State

Initially excited to a
short-lived high-energy
state .

Then quickly decay to
the intermediate
metastable level.

Population inversion is
created between lower
ground state and a
higher-energy
metastable state.



Three or Four levels Laser System ?

Three-Level Laser

(Good = Can Create Population Inversion)
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L aser Construction

A pump source
e A gain medium or laser medium.

« Mirrors forming an optical resonator.



L aser Construction

Nd:YAG solid-state laser

Partially
reflective
Flashlamp (pump source) miirror
reflective L

ontpul

mirror

Nd: YAGr crysial (laser medium)

Optical resonator



Pump Source

* Provides energy to the laser system

 Examples: electrical discharges, flashlamps,
arc lamps and chemical reactions.

 The type of pump source used depends on
the gain medium.

—A helium-neon (HeNe) laser uses an
electrical discharge in the helium-neon
gas mixture.

—~Excimer lasers use a chemical reaction.



Gain Medium

Major determining factor of the wavelength of
operation of the laser.

Excited by the pump source to produce a
population inversion.

Where spontaneous and stimulated emission
of photons takes place.

Example:
solid, liguid, gas and semiconductor.



Optical Resonator

« Multimode vs single mode: Put aperture in laser
» Create loss for higher order modes

Aperture
HR mirror Qutput coupler
Active medium I
Optical _?\(k"—— < > -
axis ¢ >
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[ Laser beam |
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I+ Optical cavity n-:
Multi-longitudinal  Multi-transverse&long. Single mode
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Resonator options

 Best known -- planar, concentric, confocal
» Confocal unique Special cases
— mirror alignment not critical
— position is critical
— transverse mode frequencies identical
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Laser Types

e According to the active material:

solid-state, liquid, gas, excimer or
semiconductor lasers.

e According to the wavelength:

Infra-red, visible, ultra-violet (UV) or x-ray
lasers.



Solid-state Laser

 Example: Ruby Laser

“ * Operation wavelength: 694.3 nm (IR)

« 3 level system: absorbs green/blue

*Gain Medium: crystal of aluminum oxide (Al,O,)
with small part of atoms of aluminum is replaced
with Cr3* jons.

Pump source: flash lamp

*The ends of ruby rod serve as laser mirrors.



Gas Laser

Example: Helium-neon laser (He-Ne laser)
Operation wavelength: 632.8 nm
Pump source: electrical discharge

Gain medium : ratio 5:1 mixture of helium and neon
gases
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He-Ne laser
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Liquid Laser

Example: dye laser

Gain medium: complex organic dyes, such
as rhodamine 6G, In liquid solution or
suspension.

Pump source: other lasers or flashlamp.

Can be used for a wide range of
wavelengths as the tuning range of the
laser depends on the exact dye used.

Suitable for tunable lasers.



dye laser
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Schematic diagram of a dye laser

A dye laser can be considered to be basically a four-level system.
The energy absorbed by the dye creates a population inversion, moving the
electrons into an excited state.



Excimer Laser

e cool laser.
* Incredibly precise.

* laser eye surgery.

Excimer laser used for eye surgery.



Exciplex Laser

Gain medium: excited dimer
Noble gas halide type, e.g. ArF, XeBr and KrF.

Pump source: excimer recombination via
electrical discharge.

Produce light in the range.
EXxciplex Wavelength (nm)
ArF 193
XeBr 282
KrF 248




Semiconductor laser

Semiconductor laser is a laser in which semiconductor serves as
photon source.
e

Semiconductors (typically direct band-gap semiconductors) can be
used as small, highly efficient photon sources.
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A quantum well (QW) device. (a) Schematic illustration of a quantum well (QW) structure in which a
thin layer of GaAs is sandwiched between two wider bandgap semiconductors (AlGaAs). (b) The
conduction electrons in the GaAs layer are confined (by ? E.) in the X-direction to a small length d so

that their energy is quantized. (c) The density of states of a two-dimensional QW. The density of states
is constant at each quantized energy level.

© 1999 S.0. Kasap, Optoelectronics (Prentice Hall)



In single quantum well (SQW) lasers electrons are
injected by the forward current into the thin GaAs
layer which serves as the active layer. Population
inversion between E; and E ] is reached even with

small forward current which results in stimulated
emissions.

© 1999 S.0. Kasap, Optoelectronics (Prentice Hall)



Band Gap [eV]

52 55 6.0 6.2

Lattice Clonstant [A]
@ 1v-1v O m-v ¢ I-VI



Light .
1SHt POWEL Laser diode

A ’ HYV signal head LV signal head LV signal head LED signalhead

(Super pressure lamp) (Halogen lamp)

10 mW _ LED

8 Months 12 Month 120 Month
63 % 63 % 89 %

Life cycle:
Energy saving: 0 %
Maintenance
5 m s&/ — rate: 100 % 75 % 50 %
W) '
! |

> (Current

0 [ [
50 mA 100 mA

Typical optical power output vs. forward current
for a LED and a laser diode.

© 1999 S.0. Kasap, Optoelectronics (Prentice Hall)

S0W 50 W 15 W (signal monitor
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