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TYPES OF LASER 

 

Laser Level systems for lasing (2-level, 3-level, 4-level 

Systems) 

1. Two level laser system 

because a  Level System Cannot Achieve a Population Inversion-A Two             

 .level scheme of operation-population inversion cannot be achieved in a two

The energy being used to pump the atoms into the upper laser state has an equal 

probability of stimulating them back down. 

.For laser amplification one requires at least three or more energy levelsThus,  

2. Three level laser system 

The 3-level lasers are the first type of lasers discovered. In a 3-level laser, at 

least half the population of electrons must be excited to the higher energy state 

to achieve population inversion. 

 



With sufficiently intense pumping it is possible to reach a population of the 

upper laser level which is well above 50%, and thus higher than that of the 

lower laser level (the ground state); a population inversion is reached. 

However, pumping with  high optical intensity is required. That's why Pure 

three-level laser gain media are seldom used. 

A popular example of a three-level laser medium is ruby (Cr3+:Al2O3), as used 

by Maiman for the first laser. 

1. Four level laser system 

            In this system, optical pumping from the ground state (E1) into the 

pump band (E4) excites the atoms.  

From this level the atoms decay by a fast, radiationless transition into the level 3 

(E3). The lifetime of the laser transition from E3 – E2 is long compared to that of 

E4 –E3, a population accumulates in this level 3 (lasing level). 

 Here the atoms relax and start to create laser transitions through spontaneous 

and stimulated emissions into level 2 (E2). At this level, like level 4 has a fast 

decay into the ground state. 

 Since only a small number of atoms need to be excited in the upper lasing 

level E3 to form population inversion, it proves that a 4-level laser is much 

more efficient and practical than the 3-level laser. 

https://www.rp-photonics.com/population_inversion.html
https://www.rp-photonics.com/optical_intensity.html
https://www.rp-photonics.com/ruby_lasers.html


 

 

 

 

 

 

 

 



 

 

TYPES OF LASER 
The different types of laser can be classified depending on the nature of the active 

medium as follows: 

1. Gas Lasers 

2. Solid-state Lasers 

3. Liquid Lasers 

4. Semiconductor Lasers 

5. Fiber Lasers 

 

1. Gas Lasers 

            A gas laser is a laser in which an electric current is discharged through a 

gas inside the laser medium to produce laser light. In gas lasers, the laser 

medium is in the gaseous state filled in a glass tube. 



 

 Gas lasers are used in applications that require laser light with very 

high beam quality and long coherence lengths. The glass tube filled with the 

mixture of gases acts as an active medium or laser medium. Examples of gas 

lasers include carbon dioxide (CO2) lasers, helium–neon (He-Ne) lasers, 

argon lasers, krypton lasers, and Excimer lasers. 

Gas lasers are used in a wide variety of applications, including laser surgery, 

holography, spectroscopy, barcode scanning, air pollution measurements, and 

material processing. 

1.     Solid-State Lasers 

   Solid-state lasers use a solid (crystals or glasses) mixed with a rare earth 

element as their source of optical gain. The mixed element is typically 

neodymium, chromium, erbium, thulium, or ytterbium. 

The most known solid-state laser is the ruby laser, since it is the first laser 

ever constructed. The Nd:YAG laser (neodymium-doped yttrium aluminum 

garnet) is also common in material processing applications. 

 



 

 

Solid-state lasers are also used for  various medical applications, including 

tattoo and hair removal, tissue ablation, and kidney stone removal. 

 

2.    Liquid Lasers 

A Liquid lasers use an organic dye in liquid form as their gain medium. 

They are also known as dye lasers and are used in laser medicine, 

spectroscopy, birthmark removal, and isotope separation. 

One of the advantages of dye lasers is that they can generate a much 

wider range of wavelengths, making them good candidates to 

be tunable lasers, meaning that the wavelength can be controlled while 

in operation. 

https://www.rp-photonics.com/tunable_lasers.html


 

 

2. Semiconductor Laser 

          Laser diodes, also called diode lasers and semiconductor lasers, are 

similar to regular diodes in that they have a positively-negatively (PN) 

charged junction. Although most semiconductor lasers are diode lasers, a few 

of them are not. This is because there are semiconductor lasers that do not use 

the diode structure, such as  optically pumped semiconductor lasers. 

Laser diodes can be classified as solid-state lasers since their gain medium is 

solid. However, they are in a category of their own because of their PN 

junction. 

Laser diodes are often used as energy sources to pump other lasers. These 

lasers are referred to as diode-pumped lasers. In these cases. Laser diodes are 

extremely common. They are used in barcode readers, laser pointers, laser 

printers, laser scanners, and several other applications. 

https://www.fluke.com/en-us/learn/blog/electrical/what-is-a-diode
https://www.laserfocusworld.com/lasers-sources/article/16566156/optically-pumped-semiconductor-lasers-green-opsls-poised-to-enter-scientific-pumplaser-market


 

3. Fiber Lasers 

                   A fiber laser is a special type of solid-state laser that is a category 

of its own. In fiber lasers, the gain medium is an optical fiber (silica glass) 

mixed with a rare-earth element. 

The light guiding properties of the optical fiber are what makes this type of 

laser so different: the laser beam is straighter and smaller than with other 

types of lasers, making it more precise. Fiber lasers are also good electrical 

efficiency, low maintenance and low operating costs. 

Fiber lasers are used in a range of applications, including material processing 

(laser cleaning, texturing, cutting, welding, marking), medicine, and directed 

energy weapons. 

Examples of fiber lasers used for these applications include ytterbium and 

erbium-doped fiber lasers. 

https://www.laserax.com/blog/fiber-laser?__hstc=753710.038e8c23328180a3e89ec06ef2119050.1636528462403.1636528462403.1636528462403.1&__hssc=753710.1.1636528462404&__hsfp=3926290501
https://www.laserax.com/blog/how-does-laser-cleaning-work?__hstc=753710.038e8c23328180a3e89ec06ef2119050.1636528462403.1636528462403.1636528462403.1&__hssc=753710.1.1636528462404&__hsfp=3926290501


 

 

 Laser Radiation Properties  

• Laser radiation is nearly monochromatic ; Monochromatic refers to a 

single wavelength, or “one color” of light. Laser radiation contains a 

narrow band of wavelengths and can be produced closer to 

monochromatic than light from other sources. 

• Laser radiation is highly directional. The radiation is produced in a beam 

that is spatially narrow and has low divergence relative to other light 

sources. 

• Laser radiation is highly coherent, which means the waves of light 

emitted have a constant relative phase. The waves of light in a laser beam 

are thought of as in phase with one another at every point. The degree of 

coherence is proportional to the range of wavelengths in the light beam, 

or the beam’s monochromaticity. Laser radiation has 

both spatial and temporal coherence, characterized by the coherence 

length and the coherence time. 

 

        Laser Output 

Laser output can be : 

i. Continuous (CW) : characterized by their average power 

https://chem.libretexts.org/Bookshelves/Analytical_Chemistry/Supplemental_Modules_(Analytical_Chemistry)/Analytical_Sciences_Digital_Library/JASDL/Courseware/Introduction_to_Lasers/03_Basic_Principles/01_Laser_Radiation_Properties#Coherence
https://chem.libretexts.org/Bookshelves/Analytical_Chemistry/Supplemental_Modules_(Analytical_Chemistry)/Analytical_Sciences_Digital_Library/JASDL/Courseware/Introduction_to_Lasers/03_Basic_Principles/01_Laser_Radiation_Properties#Coherence
https://chem.libretexts.org/Bookshelves/Analytical_Chemistry/Supplemental_Modules_(Analytical_Chemistry)/Analytical_Sciences_Digital_Library/JASDL/Courseware/Introduction_to_Lasers/03_Basic_Principles/01_Laser_Radiation_Properties#Coherence
https://chem.libretexts.org/Bookshelves/Analytical_Chemistry/Supplemental_Modules_(Analytical_Chemistry)/Analytical_Sciences_Digital_Library/JASDL/Courseware/Introduction_to_Lasers/03_Basic_Principles/01_Laser_Radiation_Properties#Coherence


ii.  pulsed. Characterized by peak power, Irradiance (Intensity, or 

power density) 

Irradiance (power density) = power per unit area = power/area = Watt/ 

cm2 = W/cm2 

      Laser Pulse width (duration)  

          Pulse Width (PW) is the elapsed time between the rising 

 and falling edges of a single pulse. 

 

 

 


