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Based on the type of Active Medium, we can classify Lasers as below, 

 

1. Solid State Lasers:  Ruby, NdYAG, etc. 

2. Gas Lasers: He-Ne, CO2, N2, Ar ion, etc 

3. Liquid Laser: Dyes 

4. Semiconductor Lasers: p-n junction diode lasers (homojunction and hetero-

junction) 

 

 

 

Already I taught in class: Ruby Laser, He-Ne Laser.  

 

Home Work given: NdYAG (similar to Ruby) and CO2 (similar to He-Ne) 

Lasers 
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Dye Laser (Liquid Laser) 

 

Active medium: Organic dyes, used in the form of liquid. In general dyes are dissolved in 

chemical solvents such as water, ethyl alcohol, methanol, and ethylene glycol. So the active 

medium is a liquid solution of Organic dye + chemical solvent. Depending on different dyes, 

the frequency of dye laser most wide range than other lasers (3000 Å to 1.2 μm). 

 

Organic dye: Example: Rhodamine 6G, can be used for tuning from 635 nm to 560 nm, and 

produce laser pulses as short as 16 femtoseconds. Other organic dye will give you other 

wavelength ranges of the output laser.  

 

Pumping: Strong light source  

Example: Flash lamps Or several types of lasers (Diode lasers, Excimer lasers, Nd:YAG lasers, 

Nitrogen lasers, Ruby lasers) 

 

Resonator: Plane parallel mirrors 

 

 

 

Construction of Dye Laser System 

 
 

 

Here, Blue-green laser is used as Optical Pumping Source. You can see two Plano-concave 

mirrors are placed before and after the Dye cell, these mirrors are acting as a Resonator. Tuning 

plate is used for frequency tuning of the output laser. When the frequency of a laser light is 

varying slowly within a certain range (say few nm or micron) and gives you a laser having 

wavelength/frequency range, then that laser is called Tunable Laser. 
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Energy Level Diagram of Organic Dyes and Transitions for Laser Action 

 

 
 

OR 

 

 
 

 

You can see that the optical transitions (pumping and decay transitions) are taking place among 

the ground (So) and excited (S1 or S2) energy levels and these energy levels are manifold levels, 

means, there are many vibration and rotational energy levels which form a continuum / energy 

band. As a result, when laser transitions take place from S1 to S0 levels (Emission in the above 

figure), you will get laser light having a range of frequency/wavelength, i.e., the laser is tunable 

laser. 
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For details, Lasers by Ghatak and Thyagarajan 
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SEMICONDUCTOR LASER 

(DIODE LASER) 
 

Active Medium: Semiconductor, in general p-n junction diode 

 

Pumping: Electrical power supply 

 

Resonator: Parallel mirrors / basically two opposite polished faces of the diode 

 

 

Basics of Semiconductor:  

You know very well from your classes on Solid State Physics or Electronics. 

 
 

Valence band: in which electrons are bound to atoms. 

Conduction band: in which electrons are free to move around in the solid. 

 

The number of electrons N in the valence & conduction bands depends on the band gap energy 

ΔE & the temperature T as,  
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Semiconductor diode lasers are called Semiconductor lasers, diode 

lasers, or laser diodes. 
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The first diode lasers were operated at the cryogenic temperature of liquid 

nitrogen, 77°K. It could only operate in pulsed mode. 

 The simplest diode lasers generate light from recombination of electron-hole 

pairs at a forward-biased p-n junction. 

 
 

 Below the laser threshold current, diode laser produces spontaneous 

emission with an intensity that depends on the drive current 

 To make a good diode laser, a material should be a semiconductor with a 

direct band gap, such that Gallium arsenide (GaAs) 

 

So, GaAs is a semiconductor used in laser diode. Also AlGaAs is another 

semiconductor used in laser diode. 

 

H.W.: what is direct band gap?  Read from book. 

 

 The semiconductor material of the diode cuts in such a way that the diode 

has two reflective surfaces which form resonator.  

 

 The excitons (electron-hole pairs) are in the thin layer of the p-n junction 

plane, so stimulated emission increases along the junction. 

 
 

The large population inversion at high drive current makes gain high in 

semiconductor lasers. 
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About threshold current: 

 All Semiconductor laser diodes have a light current characteristic, with a 

defined threshold current. 

 Below the threshold, the diode operates as a light Emitting Diode (LED). 

 Above the threshold, the diode operates as a laser. 
 

 
 

Here current means the forward bias current of a p-n junction laser diode. 

 

The key difference between these two diodes is that while an ordinary LED uses spontaneous 

emission to generate light, the laser diode uses stimulated emission to generate coherent light. 

For the LED it is beneficial to couple as much light out as possible, while in a laser diode it is 

necessary to build up a high number of photons in order to get stimulated emission. 
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Structure / Construction of Semiconductor Diode Laser 

 

 
 

See the above figure, 

1. Left face is polished, means one mirror of the resonator; Right face is partially 

polished, means it is another partial mirror of the resonator. 

2. As I taught in class, laser comes out from the partial mirror and it is shown right 

side. 

3. Above and below surfaces are metal contacts used for forward biased current 

supply by the power supply. 

4. Toward and backward faces are roughened faces, has no work at all, but prohibit 

any emission from these surfaces. 

5. P-N junction is a thin layer, which is sometimes called the active medium of laser 

diode. And it is shown in figure that laser output is coming from that thin junction 

layer of the diode. 
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 A diode laser must contain at least three layers: p-type layer, n-type layer, & 

an intermediate active or junction layer where recombination of holes and 

electron takes place and causes light emission. 

 Lasers are grown by depositing a series of thin layers on a substrate, which 

is a semiconductor or an insulator. 
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Additional Reading: Semiconductor Diode Laser 

(Book: Lasers by Ghatak and Thyagarajan) 
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Characteristics / Properties of Laser Light: 

 

Basically the light from both a laser and any ordinary source of light is electromagnetic in 

nature, but laser light can be extremely monochromatic, highly directional, and very intense. 

 

Light from the laser arises primarily from stimulated emission and the resonator cavity within 

which the amplifying medium is kept leads to the following special properties: 

 Directionality 

 Spectral purity 

 High power 

 Extremely short pulse durations 
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For details: Read from the Book: Electronics by Rakshit & Chattopadhyay 
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Applications of Lasers: Read from any standard book 

  

1.  Medical science: Write a short note by yourself  

2.  Industry: Write a short note by yourself 

3.  Defense/ Military: Write a short note by yourself 

4.  Research in physics, chemistry, biology: Write a short note by yourself 

5.  Teaching and learning /general laboratory: Write a short note by yourself  

6. Daily life (laser pointer, laser printer, CD/DVD writing/reading, barcode 

scanner, etc.): Write a short note by yourself 

7. Fiber optic communication: Write a short note by yourself 

8. Holography 
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Extra Flavour 

Ruby Laser  

 

 

He-Ne Laser      CO2 Laser 

 

 

Diode Laser 
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Dye Laser 

 

 

 

Solve Numerical Problems from Any Standard Undergraduate Book on Optics 


