Brief History (Milestones in the history of Iasersigm’ .
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> 1917 Einstein’s treatment of stimulated emission. Einstein
can be considered as the father of the laser.

» Charles H. Townes @ Columbia University, Joseph Weber
@ University of Maryland, and Prokhove et. al (@ Russia) =>
stimulated emission as a mean of amplifying electromagnetic
radiation in microwave spectrum.

» 1954 Townes et al., using Ammonia gas and produced
amplified Microwave radiation instead of visible light
(Microwave Amplification by the Stimulated Emission of
Radiation, MASER).

» 1954, Robert H. Dick develop the ideal of using short
excitation pulse and generate an intense burst of amplified
spontaneous emission.

Laser Engineering, Kuhn et al.,



Laser History & Development

» https://www.youtube.com/watch?v=85fcjAjvhnQ

Laser History & Development

Charles H. Townes Ph D.

Developed the Maser/Laser

> » o) 0:20/556



https://www.youtube.com/watch?v=85fcjAjvhnQ

Celebrating 50 Years of the Laser

» https://www.youtube.com/watch?v=eQQeSUvgmJE

Celebrating 50 Years of the Laser

“A splendid light has dawned
on me about the absorption
and emission of radiation -
it will be of interest to you."

-Albert Einstein, 1916

> » o) 2:58/4013



https://www.youtube.com/watch?v=eQQeSUvgmJE

|
» 1957, Gordon Gould o\m

Input

-

Conceive of the ideal using Fabry-perot cavity as a part of laser
structure.

Using the title of “Laser” (Light Amplification by stimulated Emission
Radiation) in his laboratory note book

Amplification of lighupu

=)

* Alaser is actually an

Amplifying medium - .
oscillator rather than a simple

Energy input by pumping

_ amplifier.

Total Partial

reflector ' reflector » The difference is that an

oscillator has positive
» feedback in addition to the
ny . Output amplifier.
Amplifying medium beam
“ Laser cavily >
—w*ib'l"ifbiliu‘w

Photonic Technology Lab.



e
< -

| NN
\ ~
N ’
»

« 1958, Schawlow and Townes wrote seminal paper entitled w"qu\g{g

“Infrared and optical masers”=> discussing the question about “pumping
power requirement, multimode cavity, and mentioned the three and four
state laser solids state laser, linewidth and tunabitly.

e 1960 T.H. Maiman at Hughes Laboratories reports the first laser (three
level): the pulsed ruby laser (Low chromium concentration).

Photonic Technology Lab.



How the first laser was made

» https://www.youtube.com/watch?v=Ulg SP7HDXw

How the first laser was made

SRR
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https://www.youtube.com/watch?v=Ulg_SP7HDXw

Ruby Laser

I @ @ @4 @
» https://www.youtube.com/watch?v=yQOIMSNuj o

Ruby Laser
Ruby Laser Calculator

At a glance~
2 Know more about Tutorvista
N 1:04| How Tutorvista Works
7 —

> »l ) 142/144 )



https://www.youtube.com/watch?v=yQ0lMSNuj_o
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> 1960, Sorokin and Stevenson =>flash-lamp pump uranium-doped %
. : : Ot
calcium fluoride laser (first four level laser) o

A\

1961 Javan et al.=> Helium neon (He-Ne) laser ( first continuous
wave (CW) laser).

1962, first CW semiconductor laser.
1963, Kumar et al.=> first CO2 laser.
1964, Geusic et al.=> Nd:YAG laser
1964, Bridges => Argon-ion laser (Ar*).
1975, the first GaAs and Excimer lasers
1980, the first CW Ti:sapphire laser.
1984, First x-ray laser

1997, Steven Chu, Claude Cohen-Tannoudji and William D. Phillips
get the Nobel Prize for “development of methods to cool an trap atoms

vV V V V VYV VYV VY V

with laser light.”

i

Photonic Technology Lab.



The History of Laser Light

> https://www.youtube.com/watch?v=XRLRSdgvLqg0

The History of Laser Light
7 F Esc| a2 gRss
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https://www.youtube.com/watch?v=XRLRSdgvLg0

Lasers can be divided into groups according to\a_ :

Setttmy
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> The state of matter of the active medium:

solid, liquid, gas, fiber or plasma.

» The spectral range of the laser wavelength:
visible spectrum, Infra-Red (IR) spectrum, etc.

» The excitation (pumping) method of the active medium:

Optic pumping, Electric pumping, etc.
» The characteristics of the radiation emitted from the laser:

CW, pulsed output.

» The number of energy
levels which participate
In the lasing process.

Argon-ion (514.5 nm)
i, Krypton-ion 520.8 nm)
lt,_ Krypton-ion (530.9 nm)
| . HeNe (543.6 nm)
3 __Krypton-ion (568.2 nm)
HeNe (594.1 nm)
HeNe (612 nm)
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. Krypton-ion (676.4 nm)
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5 Krypton-ion (752.5 nm)
Nd:YLF (1.053 um)
[ LHG-8 (Nd:glass, 1.054 um)
. ED-2 (Nd:glass, 1.062 um)
Nd:YAG (1.064 um)
‘_HeNe (1.15 um)

Argon-ion (501.7 nm)
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Introduction of laser

» https://www.youtube.com/watch?v=QIVDFZDL2Ho

Laser And Its P@B%@%Rfﬁe@ Edu

Normal Distribution Population Inversion

40 s OO

OO0C OO0

OO0

The process of exciting the electrons from the lower state to the higher energy

Lo d

e - 11 -
S20LaLT 10 CAlITU PUDUTAalIUIT vt oTon

> »l o) 3:46/1008



https://www.youtube.com/watch?v=QlVDFZDL2Ho

How a gas laser laser work?

> https://www.youtube.com/watch?v=61945YVDOCA

Jim Ladd - LASER: How a Gas Laser Works - Laserium

> » o) 1:01/1:57



https://www.youtube.com/watch?v=6l945YVDOCA

How fiber laser work

> https://www.youtube.com/watch?v=ofEqFI

How a Fiber Laser Works

> » o) 6:40/13:20



https://www.youtube.com/watch?v=ofEqFlqkiS0

Principle of Semiconductor Laser

r\‘/‘\\'

» https://www.youtube.com/watch?v=NpePZjTXgRw

Principle of Semiconductor Laser D _~»
7 F [Esc| Mo BwEst

gain medium (n>nc;> ar

CE——

Applying Bragg Reflectors to enhance the quantum efficiency

> »l o) 3:06/459



https://www.youtube.com/watch?v=NpePZjTXqRw

Properties of Laser Light

» Monochromaticity

» Directionality White Screen
> Brigh Light o i Red
rightness n [ S—
ofthe
» Coherence Cecen: | Vitls
— Spect
> Polarization Blue [ SPEHT
| Violet

Monochromaticity

When "'white light'* is transmitted through a prism, it is divided into

the different colors which are in it.

Monochromaticity means ''‘One color' , a group of photons at exactly one

frequency



Properties of Laser - Monochromaticity

» https://www.youtube.com/watch?v=y-JCF3K9ntc

Properties of Laser - Monochromaticity - Physics

Click here to Subscribe to'FIESHRINMONOCHROMATICITY
14 _earnin

* AA=10%A X
—

MONOCHROMATIC LIGHT‘ LASER LIGHT

> » «) 1:40/2:10



https://www.youtube.com/watch?v=y-JCF3K9ntc
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Consider a HeNe laser with a linewidth of 1.5 GHz and a center
operating wavelength of 632.8 nm. What is the laser linewidth AL

In angstroms?

2 9
AA ~ ( Ay = A Ay = (632.8x107)2 L 5’1%2 —0.002004 nm
C

Example

Consider a Nd:YAG laser with a laser linewidth of 4.5 angstroms and
a center wavelength of 1.064 mm. What is the coherence length?

45%107"
(1.064 x107°)?

Av ~ c(i—f) = 3x10%( ) =119.17GHz

The coherent length
8
’ l. = ¢ _3x10 =2.516 mm
I Ay 119.16
—**"-"jlu". i ll I 'Jhn“r

Photonic Technology Lab.




» The spectral line width of lasers can be much smaller than
that of the atomic transition.

» This Is because the emission is affected by the optical cavity
and the lasing mechanism.

» In certain cases, the laser can be made to operate on just one
of the longitudinal modes of the cavity.
» Advantages of high degree of monochromaticity:
— standard color source

— Applications in high resolution spectroscopy, interferometry
and holography, etc, which require high coherence.

— Sources for precision measurements
— Increase focusability

i
—““wli l' |i'1|'~"r

Photonic Technology Lab.



Directionality R A,

» In contrasts with light bulbs and discharge lamps, in which
the light is emitted in all directions, the light comes out as a
highly directional beam.

» The directionality is a consequence of the cavity.

» Radiation comes out of the laser In a certain direction, and
spreads at a defined divergence angle (0).

g_ﬁ@a_& Laser




Properties of Laser - Directionality

» https://www.youtube.com/watch?v=-00Qhek38UE

Properties of Laser - Directionality

. | LASER - DIRECTIONALITY
' ‘;teamln

This property of laser to give off light in only one direction is
called DIRECTIONALITY.

> » o) 036/1:53



https://www.youtube.com/watch?v=-o0Qhek38UE

| NN
This angular spreading of a laser beam is very small compared t% X
other sources of electromagnetic radiation that can be described "™
by:
(a) From Geometric Optics point of view:

Only rays that are closely aligned with the resonator’s centerline can make

the required number of round trips, and these aligned rays diverge only
slightly when they emerge.

(b) From Wave Optics point of view:

Beam diverges due to diffraction and partial spatial coherence. The

divergence of a TEM,, laser beam is determined by the intrinsic size of
beam within laser cavity (beam waist w).

) 2 S A

@=20~=tan" ( )_t
7Tw,N 20,




Brightness

Brightness = radiant flux (radiometry, power) or luminous flux
(photometry) emitted per unit surface area (source) per unit solid

angle :
B = radiance(radiometry) = ragiant flu_x( power) = {Witts}
area e solid angle m°Q

or

B = luminance( photometry) = UINOU S _{IUTKEZH}
m

area e solid angle

Since laser radiation divergence is of the order of milli-radians, the

beam is almost parallel, and laser radiation can be send over long
distances.

Advantages of high directionality and brightness:
* Increase S/N ratio

good focusability
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Polarization 3 %

N*t

Figure shown below is concerned with the operation of Brewster
windows in a gas laser to produce a polarized laser beam.

HR mirror Output mirror

Igser tube

AN A P o
< F— ¢

Brewrster Brewster

window windows

(c) Beam polarized in vertical direction after a short time,
essentialy no horizontal component remains

Since the laser beam reflects back and forth between the cavity
mirrors, the loss of the 15% per reflection at the Brewster window
quickly wipes out the TE mode, leaving only the TM mode



Coherent (spatial and temporal)

» In discussing the coherence of an optical beam, we must
distinguish between spatial and temporal coherence. Laser
beams have a high degree of both.

» Temporal coherence : measure the phase correlations at
different time at the same position.

» Consider the electric field at a fixed point P, if there has a
phase relationship between the two fields at time t and t+z, we
say that the electric field is temporal coherence over time .

» If this occurs for any value z, the E. M wave is said to have
perfect time coherence.

» If this occurs for 0 < 7< ¢, it said to said partial temporal
coherence with coherence time ..

» It measures the degree of monochromaticity of the light.



1 NN
» Let us consider two linearly polarized wave of the same \ .

frequency o _ O
E,=E, expi(k,-r-ot+4¢)

E,=E, expi(k, - r—ot+¢,)

» The superposition of the two plane wave, results in an irradiance
function

| =|E|’=E-E =(E,+E,)-(E,+E"))
=|E, | +| E, | +2E, - E,cos@
where 8=k, -r =K, -r+¢ — ¢,

» If the phase difference Is constant, the two source are said to be
mutually coherent. If the phase difference varies with time, the
Interference will be destroyed.

d oy Lab. (@) Mach-Zehnder U\ il Uy



Property of laser

> https://www.youtube.com/watch?v=BKVMw4|pDZw

CHARACTERISTICS OF LASER RADIATION

| CHARACTERISTICS OF LASER RADIATION )

Laser light is differentiated from ordinary light by four characteristics :-

1. Coherence

3. Monochromacity

4. High intensity

> » o) 055/345



https://www.youtube.com/watch?v=BKVMw4jpDZw

Coherence length

\
» In general, the temporal coherence time t, Is given by the
reciprocal of the spectral line width.
» Coherence length |, = ¢ 7, =C/Av= A°/AA
For example
Typical values of the coherence length for a number of light
sources are given in Table.
White light Av=5x10'*Hz, AA=300 nm 4,, ~ 550 nm
=>|,~ 1000 nm ~ 24,
Source Av,. (Hz) T.=1/Av, 1. =cT,
Filtered sunlight (A, = 0.4-0.8 um) 3.74 x 10 2.67 fs 800 nm
Light-emitting diode (A, = 1 um, AX, = 50 nm) 1.5 x 1013 67 fs 20 pm
Low-pressure sodium lamp 5 x 101 2  ps 600 pm
Multimode He—Ne laser (\, = 633 nm) 1.5 x 10° 0.67 ns 20 cm
Single-mode He—Ne laser (), = 633 nm) 1 x 10° 1 pus 300 m




Broadband spectrum (good spatial resolution) N

/OI\ ?\‘83\
| N
Optical coherent tomography measurement (OCT)
Circulator — M Non-invasive cross-sectional imaging in

Cr¥:Forsterite
Laser

Sample Arm biological systems.

M Uses low coherence interferometry to

e produce a two-dimensional (2D) image of
N _ igh Spood optical scattering from internal tissue
I microstructures;
Reference Arm
Bandpass Fitter [ Demodulator [={Stf——) M Similar to that of ultrasonic pulse—echo
J512+ 82| Computer imag|ng
Bandpass Filter = Demodulator [—4%22 —I

M The axial image resolution, Az, is
determined by z = 2In(2)/n](A2,/AN), AL :

bandwidth, A, : center Wavelength

Rabbit esophagus

Science, 254,P1178 (1991), Science, 276, 2037 (1997). Opt Express 11 3290 (2003) Opt
Express,12, 3532 (2004), Opt. Express, 12, 5287 (2004).
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Photography and spectrum of SC from the
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Photonic Technology Lab.



Spatial Coherence

» Consider P, and P, located on the
same wavefront, the distance between
P, and P, Is 2a.

» If there has a phase relationship
between the two fields at P, and P, _L B
for any value of 2a, the wave is said -
to have perfect spatial coherence. T P)u

» In practice, P, must lie within some
finite area around P, to have good
phase relation, this wave is partial

spatial coherence. d —>
» It measures the uniformity of phase X

across the optical wavefront and

depends on the length of the light

source.




How Lasers Work - A Complete Guide

» https://www.youtube.com/watch?v= JOchLyNO w

How Lasers Work - A Complete Guide

) 9:22/20:44

e —

This feels
right <3

VNS

Excited State

Let's create
more of us!

Ground State Excited State
Energy=1 Energy=5

Ground State



https://www.youtube.com/watch?v=_JOchLyNO_w

Essential elements of a laser

1. Gain or laser medium (active medium)
2. Pump or energy source (excitation)
3. Optical feedback (cavity or resonator)

Amplifying medium

\

Fr11
oéal feedback (cavity) \ Pumping process

Pumping process prepares amplifying medium in suitable state
Optical power increases on each pass through amplifying medium
If gain exceeds loss, device will oscillate, generating a coherent output

Setthmy
‘-.:‘ >
(7.). -
w(,.
By
It »\r“—_\\



Pumping source

» In laser terminology, the process of energizing the amplifying
medium =>"pumping"* or "excitation™.

» The atoms in the active medium is raises into their excited state,
thus creating population inversion.

» In accordance to the law of conservation of energy, the
electromagnetic radiation out of the laser < the input excitation
energy.

Energy input by pumping

Input l Output
—> ‘ Amplitying medium #

*-*Ml"ivliu‘w

Photonic Technology Lab.



There are few types of excitation mechanisms: 3,

|
(a) Optical pumping - Excitation by photons:
In solid or liquid active medium, the form of excitation energy =>

electromagnetic radiation (photons) o
£ wﬁv N aio eeeeeeee
% FIﬂShtl.lI]E % “W%‘;‘%f}?ﬁ[{%) Lase(rm:zr
Input ‘ ‘ ‘ Output == /¢ ’/\ o PR
W > ’1‘//45 %’ el Cylindrical
q Amplifying medium J /‘?WQ‘.
+ 1 1 ’ A@rh\ Ty
Flashtube % EEES:EELB"'““ nnnnnnnn

The electromagnetic radiation source can be of different kinds:

(b) Flash lamps

* They are build from a quartz tube filled with gas at low pressure.
 Usually Xenon (& ) gas is used, but sometimes when higher energy is
required, other noble gasses with lower atomic weights such as Krypton
—wilr'l"iblliu‘w(ﬁ) or Helium are used.

Photonic Technology Lab.



Double O-ring it
seal uter quartz

Water Flashlamp Jacket flowtube <
flow __dbn - (T o) TN,
g 1(1i]| | nz= 9§ ili i v
B 08 o6 | @
i
. J Electrical ’ ‘1
connection -

(both ends)

Ar ion lasers — Dye or Ti-sapphire lasers
Laser diodes — Nd: YLF or Yb:YAG lasers

rgon laser pumps a CPM Dye laser.
TR
Photonic Technology Lab.
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Photonic Technology Lab.
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Settitmy

Pump configuration based on internal reflectance of t'?}e
laser beam °°~\*“

Pockels Output
cell : Nd:YVO4  coupler

Polarizer slab X

High I J Cylindrical
reflector lens
——————)\/2 plate
Cylindrical /73 ?

20 W cw diode

Focusing optics

Resonator mode

@) lens stack Eggke laser
Slab with grazing angle at the pump
face
Fiber e, ND : YLF slab
Diode array / “
= @ 100% (b)

< ‘ @ Polarizer fBfiestor
A A‘ Rhombic shaped slab pumped

Mirror el from both side

HR 808 nm, AR 1064 nm

Output
(d) coupler

I ' ia-
—wa‘l"ibllu"-ﬂr Slab with folded zig-zag path

Photonic Technology Lab.
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Diode Pumping of Lasers

;/A 8
O,
1< \\ D)

« Diode lasers can be used as pump sources for solid state lasers

Diode pumped solid state laser (DPSSL)

simply, compactness, long lifetime, and portable for various
application

Wavelength of diode laser can be tuned by temperature or doping
Made to coincide with absorption peak of solid state laser

 e.9. 807 nm for Nd-doped medium , 976 nm for Yb-doped
medium

High efficiency
 up to 25% of diode output to laser output

Coupling lens Output coupler

Dielectric coating to reflect YAG light

Septeritardoonic Technology LA John Watson



(b) Electrical excitation of a gas:

The best excitation for gas is by electrical discharge.

Rear Front

Mirror Mirror
L Gas Tube /_,A_,_

Anode Cathode
Continueous

| Operation

2w nine O—e0

Resistor gSW?r '
PRIY Initial S— 111

Spectra-physics argon-ion laser tube

lgnition

» The gas in the tube => electrically neutral and most of the molecules are in
the ground state (no external energy is applied,).

» When the high electrical voltage is applied => electrons are released from
the cathode and accelerated toward the anode.

» These electrons collide with the gas molecules and transfer energy to them =>
gas molecules are raised to excited state.

|
—w«*ib'l"ibliu‘w

Photonic Technology Lab.
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(c) Collisions with atoms (He-Ne and CO2 Iaseﬁ

At least two gasses are inside the laser tube.

» One gas receives the energy from the collision with the
accelerated free electrons.

» The second gas receives energy from collisions with the excited
molecules of the first gas.

EnergyA pmames o
2 Helium Neon
[eV]
E
20 65- ——E5—— SJJ
Metastanie\ %3391 [t m]
States £ E4
19.8- n Ea - =t NN
\J )i 632.8 [m]
EnergP(Transfer Ez
by Collisions 14152 _
y Helium-Neon Laser
| :
’ I Ground State Eq
jll'liwlllr‘r
———fh

Photonic Technology Lab.



Construction and Working of Helium — Neon laser

» https://www.youtube.com/watch?v=RyY4PEpV2RQ

Construction and Working of Helium — Neon laser

. > er N | .
Perfectly Discharge Power Supply Partially

Reflecting  lube Reflecting
Mirror ‘ Mirror

:

:

EREER

P ) 1:32/3:50 -~ R © Ak
A .

Photonic Technology Lab.


https://www.youtube.com/watch?v=RyY4PEpV2RQ

He-Ne laser

> https://www.youtube.com/watch?v=S J1tkBORKE

Helium Neon laser

> » o) 1:40/333



https://www.youtube.com/watch?v=S_J1tkB0RKE

CO2 laser

» https://www.youtube.com/watch?v=tYDHQ mH1Bc

EFR CO2 laser tube factory ,60W to 220W power

< y
g 2
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https://www.youtube.com/watch?v=tYDHQ_mH1Bc

(e) Electric current in diode lasers.

» A forward voltage is applied @ p-n junction => A significant
Increase In the concentration of electrons in the conduction band
near the junction on the n-side and the concentration of holes In
the valence band near the junction on the p-side.

» The electrons and holes recombine => photons (the energy of
the photon is equal to the energy gap).

- P i P-N Junction
Semic;}"lguctor Band Structure Contact

Conduction Junction ('_/
Band < \ e
-+—N-Type—&- Cleaved facets
Holes Semiconductor
Valence : R |\ | 10-50 mictons
Ba 100-500 microns \" : ==

nd No Voltage ==
1-3 microns

Hole/Electron
Recombination

Electrons Asymmetric mode
Holes oo o o 1
\ *
141 |

—_— \
Voltage Applied

- 3 Em'itted . . .
igure Light (e) Electric current in diode lasers.
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Semiconductor laser LN

» https://'www.youtube.com/watch?v=Ih0G46AiIP-M

construction and working of semiconductor laser

+ +
P 4 N
Ec P T &Rt EE :
E : * Ly
g L A
Ev o .

~_Photons are emitted by recombination in the depletion region which is called &

P > o) 641/12:34



https://www.youtube.com/watch?v=Ih0G46AiP-M
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High Power Direct Dicde Laser fcq‘\::?\
Laser: Nuvonyx
Type: ISL 4000 L
Power: 4000 W
Wawvelength: 805 +/~- 10 nm
Mode: CWwW and pulsed
Single lensing
Working distance: 830 mm
Spot size: 12mm x 0.5 mm
Intensity: 66 kWicm?

Double lensing
Working distance: 40 mm

Butterfly fiber pig tail

Spot size: 6 mm ¥ 0.3 mm
Intensity: 222 kWicm?
Diode Laser Anatomy
Fraunhofer Cenl e
) Elliptical —g Semiconductor
Laser Laser Diode

Window

Bonding  Metallic
& Wires Strip

~__Monitor
Photodiode

Figure 4

Connector -¢
Pins

Open heat sink Sot-148 windows Multi mode high
power

|
—w«*ib'l"ibliu‘w

Photonic Technology Lab.



Optical feedback zj{f‘p“’

Wthenﬂmrsistoprovide => "positive feedback'.

An amplifier with positive feedback is known as an oscillator.

» Except in a few exceptional cases (such as X-ray laser, poor
beam ), light amplifiers would not be regarded as lasers.

» A pumped amplifying medium positioned between
mirrors( such as two mirror indicated below).

» One mirror Is 100% reflecting @ lasing wavelength, the other
mirror is partially reflecting @ lasing wavelength

» The part of the radiation transmitted out optical cavity => laser

-

Output

beam

Amplifying medium

’| Ii
—««.-*jl.!ulll'lhﬂr 4 —— laser cavity
Photonic Tec ‘ ) >

e



Two mirror resonators S

(a) Planar | W i l
Ri=Ry==) (R

(b) Symmetric
confocal
(R| = Ry = —d)

(c) Symmetric
concentric
(R| =Ry =—d/2)

81

(d) Confocal/planar
(Ry =d, Ry = o)

(e) Concave/convex
(R <0,Ry>0)

hal

Figure 10.2-3 Resonator stability diagram. A spherical-mirror resonator is stable if the parameters
g1 = 1+ d/R, and go = 1 + d/R; lie in the unshaded regions, which are bounded by the lines
g1 = 0 and g, = 0, and the hyperbola g, = 1/g;. R is negative for a concave mirror and positive for
a convex mirror. Commonly used resonator configurations are indicated by letters and sketched at the
right. All symmetric resonators lie along the line g, = ¢;.
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Standing wave cavity L™,
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Ring Cavity (traveling wave):

To reduce the spatial hole burning from the standing wave laser.

(a) Three mirror cavity (Two direction
propagation)
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clockwise
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> umonm | (C) Fiber ring cavity
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Coherent model 899

All mirrors have low- Broadband optical diode
loss, damage-resistant, enforces laser operation
multiple-layer hard in the preferred direction
dielectric coatings man- around Faraday rotation
ufactured by Coherent and optical activity. All

S Cavity fold-mirrors are elements are cut at

anti-reflection coated Brewsler's angle to avoid
for efficient coupling anti-reflection coatings

of the pump beam and elimate unwanted
into and out of the etalon effects.

resonator,

Vertical cavity layout All optics are Servo-controlled The Birefringent filter
matches the vertical easily accessible scanning etalon set (BRF), invented by
polarization of all pump for cleaning and with automatic gain control  Coherent, provides a
lasers, eliminating the mounted on hard- ensures conlinuous tun- broad tuning range with
need for polarization ened reference ing over a wide range extremely low insertion
totors and minimizing surfaces to minimize of wavelength and loss, 0.1 nm repeatability,
the use of valuable realignment when power. and 0.01 nm resolution.

Antinral tahla cnana Ahnannine aaieias cata

Titanium:Sapphire

D
+2 Crystal

The reference cavity
error signal is processed
by a patented stabiliza-
tion circuit with constant
loop gain over varying

Optical Diode

output intensities and
wavelengths.,

Patented, single vertex- &
mounted Brewster plate
design gives a nearly con-
stant reflection loss of less
than 0.4%, essentially
eliminating power modu-
lation during scanning.

Step Rhomb

7

Birefringent Filter

I
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Several important functions of laser cavity : .. R
RS

L \

a) Rapidly building up of the light intensity

The light intensity is increased (through stimulated emission) by multiple passes
through the amplifying medium. In the absence of cavity mirrors, the oscillation
would not occur.

b) Highly direction and small divergence of the beam

The direction of the beam is the consequence of the cavity. The divergence of a
beam is determined by the intrinsic characteristic of beam (TEM,,) within laser

cavity.
c) Improves the spectral purity of the laser beam.

a) By the coating of mirror, only particular wavelengths of light can undergo
repeated reflection up and down the cavity.

b) The cavity length => number of longitudinal modes.
d) Improves the coherence of the laser beam

|
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Photonic Technology Lab.



Understanding Lasers

» https://www.youtube.com/watch?v=saVE7pMhaxk
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