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The Bohr Atom
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Photons and Energy

Photons are particles of zero mass. They have the characteristics of both
wave and particle. Each photon has an intrinsic energy determined by
the equation:

E=hn

There v is the frequency of the light and h is Planck’s constant. Since, for a
wave, the frequency and wavelength are related by the equation:

Av=C

where 1 is the wavelength of the light and c is the speed of lightin a
vacuum. Therefore:

Photographs taken in dimmer light look grainier.

dim i Dim

When we detect very weak light, we find that it's made up of particles.
We call them photons.




Spontaneous and stimulated emission
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Amplification by stimulated emission

/,“\‘
excited decayed via decayed via
spontaneous emission stimulated emission

12/24/2013



A four-level laser pumping system

pumping process

population
inversion

quantum energy levels

ground
energy level

level populations

Laser
Components

Lasing Medium: Power supply

Provides appropriate transition and Laser pump
Determines the wavelength {e.g.lamp, diods, RF)
Pump:

Provides energy necessary for population

: ; Mirror 1 Mirror 2
inversion

Optical Cavity:
Provides opportunity for amplification and
Produces a directional beam (with defined

length and transparency) Laser activle medium
e Nd"YAG, YEYAG, CO,

Resonator

Laser beam
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Properties of Laser beam

Coherent (synchronized phase of
light)

Collimated (parallel nature of the
beam)

Monochromatic (single
wavelength)

High intensity (~104W/m?2)

Schematic diagram of a basic laser

excitation
mechanism

RN

high
reflector

partial
reflector

lasing medium

resonator support structure
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Propagation Characteristics of
Lasexr Beams

1 . .
= irradiance surface

where z is the distance propagated from the plane where
the wave- front is flat, A is the wavelength of light, w; is the
radius of the 1/e? irradiance contour at the plane where
the wavefront s flat, w(z) is the radius of the 1/e? contour
after the wave has propagated a distance z.1 is the
irradiance of the beam. 11

LASER

ight mplification by timulated mission
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st of Common Available Lasers
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Table 0.1 Range of wavelengths for current commercial lasers

Laser type Lasing Principle Region  Date

species wavelength invented/commercialised
(wm)
Excimer F, 0.157 uv 1975/1976
ArF 0.193 uv
KrF 0.248 uv
Nd:YAG frequency-quadrupled  Nd*™* x4 0.266 uv
XeCl 0308 uv
XeF 0.351 uv
Nitrogen N2 0.337 uv 1966/1969
AlGaN diode Bandgap  0.38-0.45 Blue
(tunable)
Helium-cadmium cd! 0.4416 Blue 1968/1970
Argon Art 0.4880 Blue 1964/1966
Art 0.5145 Green
Copper vapour Cu* 0.5106 Blue-  1966/1981
green
Cu* 0.5782 Yellow
Nd:YAG frequency-doubled Nd* x2 0532 Green
[lelium-neon Ne* 0.6328 Red 1962
Ruby i+ 0.6943 Red 1960/1963
Alexandrite cr? 0.700-0.820 IR 1977/1981
(lunable)
Tizsapphire Tid* 0.670-1.100 IR
(tunable)
AlGaAs diode Bandgap  0.7-0.9 (tunable) IR 1962/1965
Nd:YAG or Nd:glass Nd* 1.064 IR 1964/1966
Yb:YAG or Yb:glass b~ 1.030 R 1990s
Chemical oxygen-iodine Chemical 1.3 IR 1964/1983
(02 +12)
Er'YAG Er’* L5 IR
Hydrogen fluoride Chemical 2.6-3.0 IR 1967/1977
(Hz +F2)
Helium-neon Ne* 3.39 IR
Carbon monoxide CO vibration 5.4 IR
Carbon dioxide COa» 9.4 IR
vibration  10.64 IR 1964/1966
Dye Fluorescence 1.1-0.3 (tunable) TR-UV  1962/1965
Eree electron Electron 12.0-0.1 IR-UV  1963/1969
vibration  (tunable)
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Table0.2 Oulline history of the development of Lhe laser [5]

Date Name Achievement References

1916 Albert Linstein ‘Lheory of light cmission. Concept of stimulated [2,3]
emission

1928 Rudolph W, Ladenburg  Confirmed existence of stimulated emission and 117)
negative absorption

1940 Valentin A, Fabrikanl  Noled possibility of population inversion (18]

1947 Willis L Lamb, Induced emission suspected in hydrogen spectra. Lirst [19]

RC. Retherford demonstration of stimulated emission
1951 Charles H. Townes The inventor of the maser at Columbia University.  [20]

First device based on stimulated emission. Awarded
the Nobel prize in physics in 1964

1951 Joscph Weber Independent inventor of the maser at University of — [21]
Maryland
1951 Alesander Prokdiorov,  Independent inventors of the maser al Lebedev [22]
Nikolai G. Basov Laboratories, Moscow. Awarded the Nobel prize in
physics in 1964
1951 Rohert H. Dicke “Optical bomb” patent based on pulsed population (23]

inversion for superradiance and a separate Fabry—
Perol resonant chamber for a “molecular amplification
and generation system”

1956 Nicolaas Bloembergen  lirst proposal for a three-level, solid-state maserat 24
Harvard University
1957 Gordon Gould First documnent defining a laser; notarised by a candy- [25)
store owner. Credited with patent rights in the
1970s
1958 Arthur L. Schawlow, First detailed paper describing an “optical maser’.  [26]
Charles H. Townes Crediled with the invention of Lhe laser; from
Columbia Universily
1960 Arthur L. Schawlow, Laser patent no, 2,929,922 127]
Charles H. Townes
1960 Theodore Maiman Invented Lhe first working laser based on ruby, 16 May [1]
1960. Lughes Research Laboratories
1960 Peter I Sorokin, Fiust uranium lascr - second lascr overall, November  [28]
Mirek Stevenson 1960. TBM Laborator
1961  AG.Fox, TLi Theoretical analysis of optical resonators at Bell [29]
Laboratories
1961 Alijavan, Invented the helium-ncon laser at Bell Laboratorics,  [30]
William Bennett Jr., Murray Hill, New Jersey
Donald Herriolt
1962 Robert Ilall Invention of the semiconductor laser al General [10]
Llectric Laboratory followed switly by others
1961 JLE. Gensic, H.M. Marcos, Inventor of the first working N:YAG Taser at Bell  [8]
L.G. Van Ultert Taboratories
1964 Kumar N. Patel Invention of the COx laser at Bell Laboratories, 7
Murray L1ill, New Jersey
1961 William Bridges Invention of the argon ion laserat Hughes Laboratories [31]
1965 George Pimentel, First chemical laser at University of California Berkley [32]
JVV. Kasper
1966 William Silvast, First metal vapour laser, Zn Cd, at University of Ctah  [33]
Grant Fowles,
B.D). Hopking

Table0.2 Outline history of the development of the laser [5]

Name Achievement References

Peter Sorokin, Tirst dye laser action demonstrated at IBM Laborato-  [34]
John Lankard ries
G.M. Delco Tirst industrial installation of three lasers for (D. Roessler,
automobile application private com-
municalion,
1995)
Nicholai Basov’s group  First excimer lascr at Lebedev Laboratory, Moscow.  [15]
Based on Xe only
7h.1. Alferov et al. Tnvention of double heterostructure for laser diodes  [35]
J.J. Ewing, Charles Brau  First inert gas halide excimer laser at AVCO Everet  [14]

Laboratories

John M.J. Madeys group ~ First free-clectron laser at Stanford University 116

Geoffrey Pert’s group First report of X-ray lasing action, Hull University, UK [36]

Arthur L. Schawlow, Awarded the Nobel prize in physics for work in

Nicholaas Bloembergen ~ non-linear optics and spectroscopy

Dennis Matthewss group  First reported demonstration of a “laboratory” X-ray  [37]
laser; from Lawrence Livermore National Laboratory

Zh.I Alferov, H. Kroemer  Awarded the Nobel prize in physics for heterostucture
invenlion




Laser Quality and Its Effect

asers’ capability to be
© propagated with low divergence and
© focused to a small spot by a lens or mirror
% Beam Quality is measured by M2 or BPP (Beam Product Parameter, mm.mrad)

¥/ Ratio of divergence of actual beam to a theoretical diffraction limited beam
with same waist diameter

v.  M?%1; Ideal Gaussian Beam, perfectly diffraction limited
¥ Value of M? tends to increase with increasing laser power

Beam- | Spot- Working | Depthoffocus |  Optics | Working area
quality | diameter distance of a scanner optics|

25 mm*mrad|
(LP rod)

Effects of Beam Quality ﬂ

4-8 mm'mrad P
[Focussing optic} Spot diameter

(DP disk)

T
iR
4 l‘.:‘\“ ‘\‘\\\

",
)
NN

ensity distributions in cylindrical (a) TEMgq, (b) TEM o and (c) annular (TEMg;-) beam modes

Number of circumferes
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Pumping

Stimulating
Phaton

Amplification

\ Laser output

s 5 s

operation takes place via between AN 2ﬂ
Laser
molecular system wg T BN AN-aAN LT

In steady-state: 0 = —2BIAN + AN — AAN
= (A+2BI)AN = AN
= AN = AN /(4+2BI)
= AN =N/(1+2BI/ 4)

Rate equations for a two-level system

Rate equations for the densities of the two states:

__N where: I, =A/2B
1+1/1,| L,isthe saturation intensity.

sat

Absorption Stimulated emission  Spontaneous

/ emission
dn, =BI(N,—N,)— AN, If the total number
t of molecules is V:

is always positive, no matter how high Zis!
o, -

Pump intensity
W, _ BIN, - N+ AN, g
o 2 . 2 AN=N,-N,

dAN _ o pran s gy 2N =N+ Ny) = (N, - Ny)
dt : =N-AN

dAN
= e —2BIAN + AN — AAN Credit: R. Trebino

12/24/2013

12



12/24/2013

I s A

Highly excited
State

§

2 Excited State

17 Excited State Population

Inversion

Excitation
Laser
Transition

Ground State

For material with system
v and processes
neutralize one another.
« The becomes

I RIS

‘., Fast Decay .. FastDecay
0. . Y .

Population

Population Inversion

Inversion

Excitation
Excitation
Laser
Transition

Laser
Transition

Natural
Depopulation

———

Population inversion, 3 level system 3

2 Fast decay

Laser
dAN s ston Transition

g = BIN-BIAN+ AN—AAN e Rate: A I/1 where: I —A/B

d 1 - sat
I, is the saturation intensity.

In steady-state: 0 =—BIN — BIAN + AN — AAN -
1+1/1,
= (4+BI)AN =(4-BI)N

AN = N(A-BI)/(A+BI . N
= ( LSt Now, AN is negative—always!
1-1/1,| where: I, =A/B
1+1/1, L, is the saturation intensity.

AN =N

Now if I >I,, AN is negative!

13
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Pulsed Laser

> Pulsed fasers are fasers which emit light notina
, but rather in the form of optical

» The term is most commonly used for emitting
nanosecond pulses

» Depending on the , i

and wavelength required, very different methods
for and very different types of pulsed lasers are
used

» For nanosecond pulse durations, various types of
can be used. High are achievable with
. For small pulse energies, a
can be suitable.

List of Common Available Lasers

Table 1. Commercially available lasers and their industrial applications.

Year of Commercialised
Laser discovery since Application

Ruby 1960 1963 Metrology, medical applications, inor-
ganic material processing

Nd-Glass 1961 1968 Length and velocity measurement

Diode 1962 1965 Semiconductor processing.  bio-
medical applications. welding

He—Ne 1962 Light-pointers, length/velocity mea-
surement. alignment devices

Carbon dioxide 1964 Material processing-cutting/joining,
atomic fusion

Nd-YAG 1964 Material processing, joining, analyti-
cal technique

Argon ion 1964 Powerful light, medical applications
Dye Pollution detection. isotope separation
Copper Isotope separation

Excimer Medical application, material process-
ing. colouring

14



Types of Laser based on state of
active medium used

Gas Laser: He-Ne, Argon ion and CO,
Solid state Laser : Ruby, Nd:YAG, Nd:glass
Semiconductor Laser

Tunable dye Laser
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He-Ne laser

sL aser medium is mixture of Helium and Neon gases in the ratio 10:1
*Medium excited by large electric discharge, flash pump or continuous
high power pump

*In gas, atoms characterized by sharp energy levels compared to solids

*Actual lasing atoms are the Neon atoms

Pumping action:
Electric discharge is passed through the gas

Electrons are accelerated, collide with He and He atoms and excite them

to higher energy levels

The CO2 LASER:

o| asers discussed above — use transitions among various excited electronic
states of an atom or ion
*CO2 laser — uses transition between different vibrational states of CO2
molecule
*One of
currently available
*The filling gas within the discharge tube consists primarily of:

Carbon dioxide
Hydrogen
Nitrogen
Helium
(proportions vary according to a specific laser)

12/24/2013
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RUBY LASER

» First laser to be operated successfully

»Lasing medium: Matrix of Aluminum oxide doped with
chromium ions

»Energy levels of the chromium ions take part in lasing action

»Athree level laser system

Working:

Ruby is pumped optically by an intense flash lamp

This causes Chromium ions to be excited by absorption of

Radiation around 0.55 ym and 0.40pm

17
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Semiconductor Lasers ¢ 4ad

*Use semiconductors as the lasing medium

Advantages:

*Capability of direct modulation into Gigahertz region

«Small size and low cost

*Capability of Monolithic integration with electronic circuitry
*Direct Pumping with electronic circuitry

*Compatibility with optical fibers

“*Basic mechanism of light emission from a semiconductor
ssHomojunction and Heterojunction lasers

s»Threshold current density

ssCarrier and Photon confinement

v'Most SC lasers operate in0.8-0.9 ymor1-1.7 ym
spectral region

v'Wavelength of emission determined by the bandgap

v Different SC materials used for different spectral regions
v'0.8 - 0.9 ym : Based on Gallium Arsenide

v'1-1.7 ym : Based on Indium Phosphide (InP)

18



Laser Parameters for se

eral

common lasers

Wivelength

Baam dnergence

Gas, winmic
Helium Feom

Helium Cadmines

s, b

ins, molecular
Carbon Diexide

Hitrogen

Caas, excimer
Argen Fluaride
Krypion Fluaride

Xenon Chlonds

Moemom Fluoride

eleciric

elestric

electric
dischasge

elwetric
dischares

electric

descharge

short-pulss:

OUE2E wm, athers

325 mm, 4416 nm,
aother

several from 35
53} nm, main fines:
438 nm, 514.5 nm

several from 380-800
nm, main line:
7.0 nm

106 um

0 nm

133 nm

248 nm

0150 mW

A-150 mW

ImW-I0W

I mWaE W

W20 kW
1-300 mW

oS W

e far mods-
Tocked)

oW [ar mode.
Socked)

g

@52 §mm

A2-2mm

062 mm

Hhmm

T X 3-6 % 30 mms
[rectanguli}

T % &-72% X W mm

{rectanguler}

T ¥ 4-15 ¥ Mmm

{rectangular}

1% 435 % Wymm

{rectangular}

% 475 = M mm

{rectangular}

1153 mewd

1-3 mrad

4-1.5 mrad

11.4-1.5 mrad

1-3 mrad

1-3 % Tamrad

26 mirad

=0.1%

=0.1%

=01%

< 0(%

i O wRIET

air or walor

air or water

A O wRlET

Laser Parameters for several
common lasers

Pump type

Warelengia

[ e

Dhupas type

Beam divesgeace

Aleandritz
Ti-sapphine
ErbisaxFiber

Somiconduciar

Lasers
Gads, Gaslas

wodhier lsers,
Mashlamp

Maehlamp,
o famp,
diode laser

dlasblamp

fashlamp

Taslilmp,
dioade baser,
duubled
R YAG

flasklamp,
diode Laser

eleciric carent,

optical pumping

eleciriccurrent,

optical pumping

tumalile 31000 nm

10 pm

tunable, TH0-A18 nm

Iunahbile, 660~ 1000 nm

THO-PO0 A,
sumposition
depandent

ICH-1600E nim,
camposition
dependent

W MWW
{average]

up o IR
[wemge]

Oi-100 3 per
pulse

=100W
wvETagE
pawer

~1w
woETagE
pawer

E-1naw

LW o
seversl
wars dsode
arrays up o
1o Ew

1mW e ~1 W

cwor
{ulirashar)
friileed

cwar pubsed

ow o pulsed

o or pulsed

WA (diverpes oo
rapaiy)

WA [diverges oo

rapidy)

32 mrad

31 mrad

a few mrad

a few mrad

a few mead

A % 600 mrad
(vl s shape)

W00 600 mrad
{oval in shape)

ale, heat sink
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Laser types

s Typical commercial lasers used for laser material
processing

i

CO, Lasers

isti Radio frequency
CO, Laser: Characteristics
Wavelength | 10.6 um; far-infrared ray SomnEs
CO,N,-He mixed gas (gas)

Average 45 kW (maximum)
Power (CW) | (Normal) 500 W - 10 kW

Merits Easier high power (efficiency: 10-
20%)

[602 Laser: Application
’Automobile 2510 7 kW class
Industries  (Alder, 2003)

teel and
hipbuilding 5 to 45 kW(Minamida,

Industries  2002)

"_- «—— Coaoling water

Laser gas discharge

RF-electrodes

12/24/2013
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YAG Laser

1.06 um; near-infrared ray

Nd®*: Y,Al:0,, garnet (solid) /
p 1 '_)r’
; ,-,-) X
»

Furm light

Coalng watar

Pump Lmp

5.5 Schematic of an N4:YAG laser [courtesy Rofin-Sinarl

Wavelength | about 1 um; near-infrared ray
s Nd®* : Y;Al;0,, garnet (solid)

Average [CW]: 13.5 kW (fiber-coupling
~ Power max.)
K H [PW]: 6 kW (slab type max.)
e oy ' Merits Fiber-delivery, high brightness,
= - and high efficiency (10-20%)
56 S:hgrr-alt.i: of a single rod diods-purnped Nd:YAG lnsers icourtesy 4

YAG Laser

g%’\ Laser: M values [CW & YAG Laser Application:

3t0 4.5 kW class; Sl fiber
delivered

2.5t0 6 kW

8 and 10 kw;
Laboratory Prototype

: 6 kW; Developed by
Precision Laser Machining

Output power

Consortium, PLM

21
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DisKk | aserbisk Laser:

Wavelength

Farabolic reflaciar

Yh:YAG disk

longitudinal
heat flow

heat sink

dielectric coating

Commercially available disk laser system: 1
and 4 kW class

++ Beam delivery with 150 and 200 um
diameter fiber

+» Even a 1 kW class laser is able to produce
va deep keyhole-type weld bead

v extremely narrow width in stainless steel
and aluminum alloy

Disk Laser

Source Trumpf

22
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Diode Laser

Energy Band Gaps in Materials DlOde Laser

Figure 1 Conduction WaVelength
Band\

——
Conduction Band
—

—
*Cunducﬂon Band *

B e aiEamus

’ Valence Band "_
kT=E‘2

Relative Energy

Filled Band  (a) Filled Band  (b) Filled Band (¢}

Insulator Semiconductor Conductor (Metal)

P-N Junction

Band Structure

<+—P-Type—»
Semlco%uctorl

Ea —N-Type—-

Conduction . Junction
and 5
Holes N Semiconductor

Valence
Band No Voltage

Hole/Electron
Recombination

Electrons

:x ; and
Voltage Applied = '1' " Eéectrical
ontact

Figure 3-18 A simple semiconductor laser structure.

Figure 3

Recent Development

i i » Fiber lasers of 10kW or more are
commercially available

s+ Fiber lasers of 100kW and more are
scheduled

+» Fiber laser at 6.9kW is able to provide deeply

penetrated weld at high speed

+ Fiber laser is able to replace high quality (slab)
CO, laser for remote or scanning welding

46
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Any Question?

INTERNATIONAL SAFETY CODES| | [27°
O OGPERATION OF LASERS .

1. GOGELES MUST BE WORN AT ALLTIMES.
1. DO NOT USE THE LABER AS A
3. 5o NE BrGBET (ASER MEAM AT ’
" LANS OF TINMED BEANS . .
. 16 THE SvENT OF Semios | ||, GRAVE DANGER
5. DG NOT FiBDLE ABOUT WITH . LASER DEPT
TME LASER = (TS EXPENSIVE!
6. ON NO ACCOUNT MUST THE
LASER BE LENT TO POP GROUPS _
T. ALL DOGS TO BE KEPFT Onl LEADS
8 wnemu‘ve FIN#:&EED USING
THE ER
4P AND REPLARE prine?
THE MAT -
9. DO NOT FORBET TO BLSw
CANDLES .

L T S S R S

Propagation of a Gaussianlaser beam

op, ICME2011, Tehran, Dec
2011
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Propagation Characteristics of Laser
Beams

Propagation of a Gaussian laser beam

12/24/2013
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Beam parameter product

T lam pur‘éped
MNd:YAG lasers

diodegrpumped
Nd:‘r'a‘?.G lasers

thin disk
Yh:YAG lasers

beam parameter product (mm mrad)

10 100 1000
A beam quality factor

BPP:product of the beam radius in a focus and the far-field
beam divergence

Application Domains of Laser
Material Processing

Source ILT

=
o
o

T
o

BPP [mm-mrad] = A[um]s M?/x
Beam Parameter Product (mm-mrad)

Fiber Laser
YFL diffraction limit

1,000 10,000W

26
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Source ILT

polymer
welding .

cladding

N
o
o

non-metal & Steel &_AI
cutting welding

metal
cutting

5
o

-

sintering
flexography

4

BPP [mm-mrad] = A[pm]sM?/
Beam Parameter Product (mm-mrad)

1,00 10,000W

Effective Parameters In
Laser Material Processing

- temperature (and gradients)
- plasma absorplion From R. wester
54

27
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Laser Marking

Laser Cutting

Laser Drilling

Laser Surface Treatment
Laser Cladding

Direct Laser Fabrication
Laser Forming

Laser Welding

Laser Marking

The worlds largest laser application
Relevant to all sectors

Almost any material can be marked with
laser

28
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Laser Cutting

Application to a wide range of materials and
thickness

Narrow kerf widths

High speeds

Very high repeatability

Very high reliability

Easily automated and programmable
Flexibility in changeovers

Reduced tooling costs and setup times
Non-contact process

Versatility (same tool for welding)

3D cutting

Cloths and plastic cutting

Laser Drilling

Material Removal Process

Hole diameters dependent on laser
source

Trepanning: small / large holes > 0.6mm
Precision: small holes < 0.6mm
Advantages of Trepanning

Shaped holes

Advantages of Percussion

Drilling on the fly

=~ Laserdrilled injector
W ¥ holes, 60 Deg

[

tésln BEBa1S N
N e .
s o
e

50 ym diameter o G
hole in steel

29
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Laser Surface Treatment

Three main processes: hardening, melting, cladding

Laser Transformation
Hardening

Laser Cladding of Metal-Ceramic

Composite ;
ﬂ Laser Surface Melting

English.cas.cn
http://www.laser-industrial.com/ 9 http://www.gsiglasers.com/

Direct Laser Fabrication

'/ 4
-

/

/
Moiten pool glare

Conitrsk Uit
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Selective Laser Sintering

Parts built up layer by layer
A laser beam selectively melts powder into a designated shape

The componentsinks into the bed, a layer of powder is deposition
above the component
The process repeats until the componentis finished

Spreading
rolker

Build
plaform

Scar ning optes

AN

1
\ T

Build cylinder Sinterad dart

Bending metal with light

Unsinteed

3uild chamoer
/ powder
. Powdsr supply
&

cartridge

Laser Forming

Laser beam induces thermal stresses

The plate expands, cools and contracts

The flat plate deforms into a new shape

12/24/2013
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Laser Welding Modes Laser Welding
= Conduction Welding
= Deep Penetration Welding (Keyhole Welding)

Conduction Welding: the power density is insufficient to cause boiling and therefore
generate a keyhole. The weld pool has strong stirring forces driven by Marangoni-type
forces resulting from the variation in surface tension with temperature.

Keyhole Welding: there is sufficient energy to cause evaporation and hence a hole in
the melt pool. This hole is stabilized by the pressure from the vapour being generated.
The “keyhole” behaves like an optical black body, it enables the beam to be nearly all
absorbed.

onduction
made weld Qe Laser beam Deep penetration A Lsserbeam
or keyhole weld Plasmafilled

Liquid metal keyhole
weld pool

Liquid metal

Joint Arrangements

D NSRRI - & S
G NN P e {0 A \Various We|dmg joint

b arrangements: a butt
joint, b fillet or lap joint,
¢ spot or lap weld, d
spike or spot weld, e
flange joint, f edge joint,

g T-joint, h flare weld, i
N\ corner, and j kissing or
_SsWzzzzzz2 f Hotewald

7/7//////7////,“2///////////4

0000 N S
d

<

ad N

S .
A P

[z ddiizzzzzida

J
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LASER SAFETY

The Dangers

All energy is dangerous, even gaining potential energy

walking up stairs is dangerous!

The laser is no exception,
but it poses an unfamiliar hazard in the form of an optical

beam
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lesions

Fluorescein angiograph of retina after laser irradiation

E__.;Welcome to Laser Safety Training

Instruction is mandatory!

Training is essential for your safety!
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Wavelengths Magnitudes

Ultraviolet radiation sub-divided ranges:

UV —A 315 nm to 400 nm

UV -B 280 nm to 315 nm

UV — C 100 nm to 280 nm
Visible region: between 400 nm and 780 nm
Infrared radiation sub-divided ranges:

IR-A 780nm to 1400 nm

IR —B 1400 nm to 3000 nm

IR—-C 3000nm to 1 mm

Biological effects

As same as those produced by exposure to incoherent

radiation of the same wavelength

No significance biological due temporal and spatial coherence
The monochromaticity has some significance in that a very
small image can be formed on the retina

High irradiance and the low divergence have practical
implications for the assessment of hazard
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Biological effects

Laser radiation, unlike ionising radiation at the short-
wavelength of the spectrum, does not penetrate deeply into
the body and the eye and the skin are the only organ need to
be considered

Radiation in the visible and infrared A regions is especially
hazardous to the eye, because of its penetration through the
structure of the eye to the retina

The effects on the other organ at risk, the skin, depend on the

wavelength

Biological effects

' Fraction transmitted
throwgh the ocular fluid

 Fraction absorbed
by the retina

Percentage wansmisson

Wavelength (pm}
Figure 13.1 Spectral transmissivity of the ocular fluid and the absorptivity of the retina

12/24/2013
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Biological effects

Table 13.1 Basic laser biological hazards

Laser type Wavelength (pm)  Biological effects Skin Cornea  Lens

COy 10.6 Thermal

HiF; 27 Thermal
Er:YAG 1.54 Thermal
Nd:YAG 133 ‘Thermal
Nd:YAG 1.06 Thermal

Gass diode 0.78-0.84 Thermal
He-Ne 0.633 Thermal

Ar 0.488-0.514 Thermal. photochemical
Excimer:

XeF 0.351 Photochemical
XeCl 0.308 Photochemical
KrF 0.254 Photochemical

Bl e

]

* Insufficient power

The main dangers from a laser

Damage to the eye
Damage to the skin
Electrical hazards

Hazards from fume

12/24/2013
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Direct Intrabeam Viewing

Specular Intrabeam Viewing

l— e

Mirror
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Diffuse Reflected Viewing

._ Laser Biological Hazards - Eyes

Near Ultraviolet Wavelengths (UVA) 315 - 400 nm
Far Ultraviolet (UVB) 280 - 315 nm and (UVC) 100 - 280 nm
Visible (400 -760 nm) and Near Infrared (760 - 1400 nm)

Far Infrared (1400 nm - 1 mm)
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Skin Hazards

UV-A: Photosensitive reactions & tanning
UV-B & IR: Sun burn (1000 x sensitive than UV-A to burns)
UV-C: Skin burn (sunburns without tanning, not from sun)
Skin cancer and accelerated skin aging

WAVELENGTH (nm)
400 500 800 800 1100 1400 \ 10600
1 1 1 ] 1 1y

. CORNEUM

STRATUM
MALPIGHI

EPITHILIUM
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u._ Laser Biological Hazards - Skin

£

250Watt L aser Moving at 250Watt Laser in Single Pulses
1 Inch per Second

Laser Classification

Laser classification is based on the
damaging effects of the laser beam on
the eyes and skin.

Non-beam hazards are not considered in
the classification.
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Class 1 Lasers (Exempt)

Not capable of producing damaging
radiation levels during normal operation.

E.g. Laser printer, CD-Rom

Does not apply to servicing.

Class 2 & 3a Lasers
(Low Power)

Class 2 lasers emit visible light. Not
hazardous if viewed less than 0.25 second.
Maximum power is 1 mW for CW lasers. Eg.
Barcode Scanner.

Class 3a lasers probably not hazardous if
viewed within 0.25 seconds. Hazardous if
viewed with collecting optics. Maximum power
Is 5mW. Some require DANGER labels. E.g.
Laser Pointer.
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Class 3b Lasers (Medium
Power)

Hazardous if viewed directly or by
specular reflection. Diffuse reflection not
usually hazardous. Upper limit is 0.5W
for CW lasers.

Class 4 lasers (high power)

Lasers exceeding 0.5W

Hazardous under all viewing conditions: direct,
specular and diffuse.

Potential fire hazard when in contact with
combustible materials

Produce skin hazards from ultraviolet radiation.
Can produce laser generated air contaminants
and hazardous plasma radiation.
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class

1 = Not dangerous under reasonable conditions of

use

either because the output of the laser is very
low or

because of installed safeguards
= Examples: 0.2-mW laser diode, fully enclosed
10w

Nd:YAG laser
» Most commercial laser systems for material

processing are sold as Class 1 products
although they

contain Class 4 lasers
» The benefit of a Class 1 laser system is that it
can be

installed anywhere and no eye protection is

class

The accessible laser radiation is limited to the
visible spectral range (400-700 nm) and to

1 mW accessible power. Due to the blink
reflex, it is not dangerous for the eye in the
case of limited exposure (up to 0.25 s).
Example:some (but not all) laser pointers

Same as class 2, but with the additional
restriction that no optical instruments may be
used. The power may be higher than 1 mW, but
the beam diameter in accessible areas is large
enough to limit the intensity to levels which
are safe for short-time exposure.
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class

3R The accessible radiation may be dangerous
for the eye, but can have at most 5 times the
permissible optical power of class 2 (for
visible radiation) or class 1 (for other
wavelengths).

The accessible radiation may be dangerous
for the eye, and under special conditions also
for the skin. Diffuse radiation (as e.g. scattered
from the some diffuse target) should normally
be harmless. Up to 500 mW is permitted in the
visible spectral region.

Example: 100-mW continuous-wave
frequency-doubled Nd:YAG laser

Safety description
class

The accessible radiation is very dangerous for
the eye and for the skin. Even light from
diffuse reflections may be hazardous for the
eye. The radiation may cause fire or
explosions.

Examples: 10-W argon ion laser, 4-kW thin-
disk laser in a non-encapsulated setup
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g._‘ Laser Types and Classifications

/ —d

7500 W7
0

§\104_
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5 1074 Klasse 3 A ]
9 10 PX Klasse -

10754 Klasse 1

I

2

| l l L — |
400 800 1200 1600 "~ 13000
Wellenldnge (nm)

i._ Laser Types and Classifications

Laser Wavel.(nm) Wavel. Range Class 1(W) Class 3(W) | Class 4(W)
(nm)

cw Nd:YAG 266 uv: <0.8x10° > Class 1
(quadrupled) 100 - 280 for 8 hrs but<0.5
He-Cd 325

Argon 351.1, 363.8
Krypton 350.7, 356.4

He-Cd 441.6 »
Argon (vis.) 488, 514.5 <0.4x10
He-Ne 460, 4-700(numerous) Visible:
cw Nd:YAG dble 532 400 - 700
He-Ne 632.8

Krypton 647.1, 530.9676.4

uv: 5 > Class 1
315 - 400 <08x10 but<0.5

> Class 1
<04xC®x10° but
(See ANSI 7136.1 for
values of C®)

> Class2
but<0.5

cw Ga-Al-As 850 (20° C)
cw Ga-As 905 (20° C) Near IR:
cw Nd:YAG 1064 700 -1400
He-Ne 1080, 1152

<80x10°<0.1x
10°
<0.28x10°

> Class 1
but<0.5

12/24/2013
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M Laser Types and Classifications

PULSED LASERS

Laser

Wavel.
(nm)

Pulse
Duration(s)

Class 1
(37 cm?)

Nd:YAG Q sw. quad
Ruby (Doubled)

266.1
347.1

10-30 x 10°°

Q sw Nd:YAG doubled
Q switch Ruby

Ruby long pulse
Rhodamine 6G

532
694.3
694.3

450-650

~20x 10°

~1x10°
~1x10°

<0.2x10°®

<4.0x10°
<0.2x10°

>Class 1 but < 74 x 107

>Class 1 but<3.1
>Class 1 but<0.31

Nd: YAG (Q sw)
Erbium-glass (Q sw)
Carbon Dioxide (Q sw)

(RED)

1064
1540
10,600

e —
WHITE)
POSITION | )
% % BOLD BLACK LETTERING
( POSITION 2 )
BOLD BLACK LETTERING

(RED SYMBOL)

POSITION 3
BOLD BLACK LETTERING

~20x 10°
~10-100 x 10°°
~1-100 x 10°

<2x10°
<8x10°%
<80x10°

>Class 1 but<0.16
>Class 1 but <10
> Class 1 but <10
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Protective Equipment

Protective Equipment

Simplified Method for Selecting Laser Eye Protection for Intrabeam Viewing
for Wavelengths between 400 and 1400nm

Q-Switched Lasers
(1nsto 0.1 ms)

Non-Q-Switched Lasers Continuous Lasers Continuous Lasers
(0.4 ms to 10 ms) Momentary Long-Term Staring
(0.25st0 10 5) Greater than 3 hours

Attenuation

Maximum Maximum
Output Beam Radiant

Energy (J) Exposure

@-cm?)

Maximum Maximum Maximum Maximum Maximum Maximum
Laser Output | Beam Radiant Power Beam Power Beam

Energy (J) Exposure Output (W) Irradiance | Output (W) Irradiance
(Jcm?) (W-cm?) (W-ecm?)

Attenuation
Factor

20

100 200 NR NR NR NR

100,000,000

2

10 20 NR NR NR NR

10,000,000

2x10™

1.0 2 NR NR 1.0 2

1,000,000

2x 107

10" NR NR 10"

100,000

2x10°

10? 10 20 10?

10,000

2x10*

10° 1.0 2 10°

1,000

2x10°

10" 10"

100

10° 2x10°

10

NR = Not Recommended
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Type of Accidents

Eye exposure -13%
Skin exposure -13.9%
Fire -7.3%
Electrical Shock -3.6 (5 deaths)

Note: Contact DOHS to arrange a course in CPR.

Any Question?
INTERNATIONAL SAFETY CODES| [~ + = * © *||
ON GPERATION OF LASERS . s
1. GOEELES MUST BE WORN AT ALLTIMES.
. B3 MOT BSE THE LABER AS A

CIGARETTE LIGATER .
3. To HOT DIRECT LASER. BEAM AT

w:uh'm.mnf :GMVEDM%ER.
Fss.

NOT FIBDLE ABOUT WITH . LASER DEPT
Ef = iTS EXPENSIVE!
UNT M
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