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https://youtu.be/C5brmx5J0-s
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Laser basic architecture

Gain/Lasing medium

Solid (Crystal)

Gas

Semi-conductor (diode)

Liquid (dye)

Pump

Optical 

High-voltage discharge

Chemicals

Laser resonant cavity

High-reflective mirror

Output coupler (partially

transmissive mirror)

End-mirror Output coupler

Gain medium

Laser beam

Excitation 
mechanism 

(pump)

Laser resonant 
cavity



NIF's Guide to How Lasers Work | National Ignition Facility & Photon Science

https://lasers.llnl.gov/education/nifs-guide-how-lasers-work


LASERS at INRS-EMT

Kr F                          Class 4
Wavelength: 248 nm

Energy per pulse: 400mJ

Repetition rate: 100hz

Pulse duration: 25 nanosec

Nd-YAG                    Class 4
Wavelength: 1064/532 nm

Energy per pulse: 2J / 1J

Repetition rate: 10hz

Pulse duration: 10 nanosec



LASERS at INRS-EMT

Ti Sa                   Class 4
Wavelength: 780-820 nm

Energy per pulse: 5mj

Repetition rate: 1Khz

Pulse duration: 25 femtosecond

OPA                    Class 4
Wavelength: 400 nm à 20 000 nm

Energy per pulse: few  μJ to 2mj

Repetition rate: 100hz

Pulse duration: 40 to 70 femtosec
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Laser beam properties

Monochromatic *

Directionnal

Coherent

The combination of these properties makes a laser beam to focus on a very

small spot size as compared with ambiant sources of light. The high 

concentration of energy on a small surface results in hazardous intensities

* Ultrashort laser pulses ( femto-sec. ) have an extended spectrum.
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Electromagnetic spectrum
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30 fs – 100 ps 

Émission continue (CW)
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Impulsion Q-Switched

1 – 100 ns

Impulsion 

mode-locked

Impulsion normale (longue)

0.5 – 10 ms

Train d’impulsions

Mode- Locked

Laser emission types (temporal)

Ultrashort laser pulses is increasing the intensity by 12-15 

orders of magnitude if we compare similar average power



BIOEFFECTS OF LASER RADIATION 
ON THE EYE AND SKIN



Laser potential hazards

Photo provenant de la revue Photonics Spectra, Mars 2005

( In Laser Safety, Little Mistakes Can Have Big Consequences)



Risks on personal health

Lasers can cause severe harm to the eyes and result in 

serious and permanent vision loss

Photo provenant de la revue Photonics Spectra, Mars 2005

( In Laser Safety, Little Mistakes Can Have Big Consequences)

Photokeratitis ( UV )

Retina damage (400 à1400  nm )

Cataract (1400 nm à 1mm et UV )

Cornea thermal burn
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Risks for personal health

Powerful lasers can cause severe wounds and burn the skin

Thermal wounds

Surface burn

Deep burn ( 1 μm )

Tissue vaporisation( focal )

Photochemical wound

Sun burn (scattered UV)

Risk of cancer

(Extended exposition to UV)
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Synthesis 
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Understanding Laser Accidents (CRC 2019)-Ken Barat.pdf

file:///C:/Users/susyeung001/OneDrive%20-%20INRS/INRS%202024/R-LSR%20Lasers%20(03-601-05-04-23)/REF(07)%20Documents%20de%20rÃ©fÃ©rences/Laser%20safety-Ken%20Barat/Understanding%20Laser%20Accidents%20(CRC%202019)-Ken%20Barat.pdf
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https://ehs.princeton.edu/laboratory-research/laboratory-safety/laser-safety/laser-safety-training-guide/section-4-laser
https://ehs.princeton.edu/laboratory-research/laboratory-safety/laser-safety/laser-safety-training-guide/section-4-laser
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LASER AND LASER SYSTEM 
CLASSIFICATIONS
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Laser classes and hazards

Class 1
Harmless lasers under normal using conditions

Lecteur CD

Class 1M
Lasers for which direct beam observation with optical instruments may be hazardous (302.5 nm to 4000 nm )

Class 2
Lasers emitting visible radiation in the wavelength range from 400 nm to 700 nm.  Eye protection is assured

by the user palpebral reflex (reflex closing the eye; T=0.25 second). 

-Power limitation to 1mW. Bar code reader, laser pointer, alignment

Class 2M
Lasers emitting visible radiation in the wavelength range from 400 nm to 700 nm for which direct beam

observation with optical instruments may be hazardous.



Laser classes and hazards

Class 3R  ( Class 3A )
Lasers emitting radiation in the wavelength range from 300 nm to 10 µm.  Direct observation of the 

beam may be harmful.

-Power limitation to 5 mW. Alignement laser, laser pointer,

Eye protection is strongly advised.

Class 3B
Direct observation of the beam is hazardous. Observation of scattered or diffused radiation is

usually not hazardous.

-Power limitation to 500 mW Processing laser(YAG),machining

Eye protection is mandatory.

Class 4
Direct observation of the beam is hazardous. Observation of scattered or diffused radiation is also

hazardous. These lasers can also cause skin damage and burns.

-Lasers exceeding 500 mW of continuous emission High power lasers

Eye protection is mandatory.

normes EN 60825-1:2007 Ed.2.0 et ANSIZ136.1-2007



CONTROL MEASURES AND 
PROTECTIVE EYEWEAR 
(PERSONAL PROTECTIVE EQUIPMENT)
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Laser Safety Program Requirements for DOE Facilities (efcog)

https://efcog.org/wp-content/uploads/Wgs/Safety%20Working%20Group/_Worker%20Safety%20and%20Health%20Subgroup/Laser%20Safety%20Task%20Group/Guidance%20on%20Laser%20Safety%20Requirements%20Rev01.pdf
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https://ehs.berkeley.edu/laser-safety-manual/program-requirementsprocedures
https://ehs.berkeley.edu/laser-safety-manual/program-requirementsprocedures
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https://efcog.org/wp-content/uploads/Wgs/Safety%20Working%20Group/_Worker%20Safety%20and%20Health%20Subgroup/Laser%20Safety%20Task%20Group/Guidance%20on%20Laser%20Safety%20Requirements%20Rev01.pdf
https://efcog.org/wp-content/uploads/Wgs/Safety%20Working%20Group/_Worker%20Safety%20and%20Health%20Subgroup/Laser%20Safety%20Task%20Group/Guidance%20on%20Laser%20Safety%20Requirements%20Rev01.pdf
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https://efcog.org/wp-content/uploads/Wgs/Safety%20Working%20Group/_Worker%20Safety%20and%20Health%20Subgroup/Laser%20Safety%20Task%20Group/Guidance%20on%20Laser%20Safety%20Requirements%20Rev01.pdf
https://efcog.org/wp-content/uploads/Wgs/Safety%20Working%20Group/_Worker%20Safety%20and%20Health%20Subgroup/Laser%20Safety%20Task%20Group/Guidance%20on%20Laser%20Safety%20Requirements%20Rev01.pdf
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Safety googles, IR viewer and alignement cards



Filters value (Eye protection)



CLASS 4 LASER

ND:YAG 1064 nm
100 Watts Max. Average Power 

VISIBLE and/ or INVISIBLE LASER RADIATION-
AVOID EYE OR SKIN EXPOSURE TO DIRECT OR 
SCATTERED RADIATION. 
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Safety rules in a laser lab

• It is mandatory to wear eye protection in laboratories with a operational class 

3 or 4 laser. 

• Make sure that your eye protection corresponds to the laser in use 

(wavelength range and optical density (O.D.))

• Any piece of jewelery must be removed prior to entering the lab. This 

includes the watch which is the most important not to forget.

• It is recommended to wear a labcoat, although not mandatory

( class 3 and 4, especially with UV lasers)

• The instructions given by the person responsible of the lab must be followed.
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Instructions for safe beam manipulations

• Clean up your eye protection periodically and make sure it is in good 

condition.  For example, if you need a new cord, or glass, replace it.

• Don’t stare into the beam with your eye naked or with an optical instrument

• Never send the laser beam onto another person

• Make sure that the beam is not pointing on a door

• Always keep the beam and optical setup at a reasonnable level lower than

the eyes (lower is better) (Most of the accidents)

• If you drop something on the floor, make sure to block the laser beam before

passing the head through the beam level.  Block or close your eyes and do 

not face the optical table.  This situation may occur several times each day

and is very important to take into account.

• In order to align invisible beams, use an IR viewer, fluorescent cards, CCD 

cameras and cardboard (white or fluorescent).

• Attenuate the laser beam for the alignement procedures



Instructions for safe beam manipulations

• If possible, use an alignement laser when building an optical setup from

scratch. ( HeNe or a laser diode with similar wavelength).

• Be careful when changing the beam level.  Periscope represents a high risk

when sending a beam upward.  The periscope should be covered to prevent

accidents. 

• When introducing a new optical component, block the beam, make sure the 

piece is well positionned and block the beam the nearest distance after to 

control the new beam position. Fix the optics on the table.

• Oscilloscopes and equipment with a display (reflective screen) must be used

on a shelf at a level such that no beam could be deflected from it.

• Working areas (personal computer, lab book) must be organized such that

your eyes will no reach a low level.  It is highly recommended that such areas 

are isolated with panels, curtains or barriers.  



Instructions for safe beam manipulations

• Always confine the beam with tubes, enclosures, or barriers.  It also involves

controlling leaks from mirrors which are never 100% reflectives and also

reflections from refractive elements such as windows or lenses or crystals. 

• Use an exhaust system in the case of processing materials with a laser in 

order to avoid exposure to particules.

• When manipulating gas cylinders, use a cart for transportation and fix the 

bottle in a vertical position prior to using.

• Only qualified personnel should open and work inside a laser

• Consider any optical fiber tip as a laser source

• Keep the passage clear of different objects

• The momentary visitors should be given a permission to access a laser lab

and there safety taken into account



NONBEAM HAZARDS OF LASERS 
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Non-beam hazards

• Fire or explosion:

Pieces of different materials such as paper, tissues, plastic, wood, etc

can take fire after being exposed to a laser beam.  This can take a 

seconds to a few minutes so never block a laser beam with such

materials and leave the room. Solvents can also take fire or explose 

if exposed to a powerful laser beam.

• Gas bottles:

Gas cylinders must be attached and kept vertical in order to avoid

seal break up and high pressure leak (flying cylinder)

(High pressure is hazardous).
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https://ehs.berkeley.edu/laser-safety-manual/non-beam-ancillary-hazards
https://ehs.berkeley.edu/laser-safety-manual/non-beam-ancillary-hazards


RADIATION EMITTING DEVICES 
REGULATIONS 
(LASER PRODUCTS)
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OVERALL RESPONSIBILITIES OF 
MANAGEMENT AND WORKERS
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mailto:GaudetJulie.Gaudet@inrs.ca
mailto:Loick.Pichon@inrs.ca
mailto:Stephen.Londo@inrs.ca
mailto:Simon.Vallieres@inrs.ca


Coordonnateur 
SST

Benoît Latreille 4128

Biosécurité

Mireille Cartier 4226

Risques de 
rayonnements

Susan Yeung 4330

Matières 
dangereuses

Daniel Pagé 4292

SERVICE DE SANTÉ ET SÉCURITÉ

57

INRS-AFSB Campus Laval

https://www.campus-laval.com/ss_services.php

Comité institutionnel de sécurité laser (CISL)

https://www.campus-laval.com/ss_services.php


Questions sur la sécurité lasers

Susan Yeung

Conseiller en prévention - risques de rayonnements 

Tél: 450-687-5010 poste: 4330

Cell: 514-809-9702

susan.yeung@inrs.ca

http://www.campus-laval.com/ss_services.php

mailto:Susan.yeung@inrs.ca
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