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LASERS 

1. BASIC PRINCIPLE OF LASER 

Electrons of atoms of a material in the ground state can be pumped to 

higher energy levels by providing energy in different ways. This transition from 

the ground level to excited level by the absorption of energy is known as 

stimulated absorption process. This is depicted in Fig.1. 

 

 

 

 

                              Fig. 1a. Stimulated absorption 

Spontaneous and Stimulated emission: 

The emission process can occur in two ways viz. spontaneous emission 

and stimulated emission.  

If an electron spontaneously transmits from higher to lower energy state, it 

emits a photon having energy equal to the energy difference between the two 

states. This is called spontaneous emission process. The energy of emitted 

radiation (Ee) is given by  
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     Fig. 1b. spontaneous emission 
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Stimulated emission 2E  

A photon of definite energy (E) can force an electron to move from higher to 

lower energy states having the same energy difference. This yields another 

photon where 12 EEhE   . This process results in two photons (incoming 

and emitted) of the same energy and the same phase. This is known as 

stimulated emission. These two photons can in turn interact with other excited 

atoms and cause the emission of two more photons. Thus started with one 

photon, we have two, four, eight photons and so on. This chain reaction leads 

to the amplification of light which is called laser action. 

** photon 

 

 

 

          Fig. 1c. Stimulated emission 

Population inversion: 

When a system is in thermal equilibrium, the distribution of energy 

states at a given temperature follows the Boltzmann’s law as  
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where,  

0N  is the population in the ground state 

N  is the population in the given energy state 

K is the Boltzmann’s constant 

T is the absolute temperature 
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 From the above equation, it is clear that the population is maximum in 

ground state and decreases exponentially as one goes to higher energy state as 

shown in Fig. 4(a). ie., 1N > 2N .  

If the situation is just reverse, ie there are more atoms in an excited state than 

the ground state as shown in fig 4 (b), a net emission of photons can result. 

This condition is called population inversion. In this case 2N > 1N .    

Pumping methods 

The process of achieving population inversion is called pumping. Pumping can 

be classified into the following types based on the source of pumping. 

1. Optical pumping 

2. Electrical pumping  

3. Direct conversion 

4. Inelastic collision between atoms  

5. Chemical pumping 

General laser design 

Three main components of a laser device are  

(i) active medium  

(ii)  pumping device and  

(iii)  optical resonator. 

 

 

 

 

 

                    Fig. 1d. Schematic diagram of laser design 
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Active Medium: 

The active laser medium consists of a collection of atoms, molecules or ions. 

The excited state of the active laser medium has a meta stable state having 

longer lifetime ( sec10 8 ) compared to excited states usually having short life 

times.  

Pumping device: 

Pumping is used to achieve the state of population inversion in active medium. 

The pumping can be done by using  

 Current injection for semiconductors 

 Flash lamps for solid state 

 electrical discharge for gases 

Optical resonator: 

The emitted photons must be confined in the system long enough to allow them 

to stimulate further emission from other excited atoms. This is achieved by the 

use of reflecting mirrors at the end of the system. One of the end mirrors is 

made totally reflecting, and the other is slightly transparent to allow photons to 

escape. 

TYPES OF LASER 

According to the materials used to produce laser light, lasers can be divided 

into the following categories: 

 Gas laser 

 Solid state laser 

 Semiconductor laser 

 Liquid laser 

 Dye laser 

     
 



GAS LASERS 

                                          1.1. He – Ne LASER 

He – Ne laser is the first gas laser. it is four level gaseous laser. the 

mixture of helium and neon gases is filled in the discharge tube. Helium gas 

used as active medium and neon atom used as active material. Inelastic atom-

atom collision method is used as pumping process. Power output is 

approximately 0.5 to 50 milli watt. The output light is continuous wave form. 

Principle: 

The active medium is the He – Ne gas. The gas laser medium is excited by 

electric discharge method in which inelastic collision between atoms will 

results in population inversion. 

Construction 

 

 

 

 

                        

                       Fig (1.1a). schematic diagram of He-Ne laser 

Fig (10 a) shows the schematic arrangement of a He – Ne laser apparatus. He – 

Ne laser consists of a quartz discharge tube about 80cm long and 1.5cm 

diameter. The discharge tube is filled with mixture of helium and neon gases 

with different partial pressures. The gases are mixed under the pressure of 

1mm mercury of helium and 0.1 mm mercury of neon in the ratio of 10:1 . 

these mixture acts as active material. The ends of the discharge tube are 

inclined at the polarizing angle. Hence the emitted laser light is plane polarized. 

This arrangement is called Brewester window. 
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 A radio frequency generator (RF generator) is connected to the discharge tube. 

It is used to produce population inversion in active material. A pair of concave 

mirror is placed at the ends of the discharge tube. One of the mirrors is 100% 

reflecting and the other is partially reflecting. These mirrors forms an optical 

resonator.  

Working: 

When RF generator is switched on, electrons are generated inside the discharge 

tube. At first the generated electrons collide with the helium atoms in ground 

state thereby helium atoms are excited to two of energy levels as shown in fig 

(10 b). These two levels happen to be very close to the 3s and 2s levels of the 

neon atoms. When the excited helium atoms collide with the neon atoms, 

energy is exchanged, pumping the neon atoms to the respective levels. The 

atoms at the neon 3s level eventually drops down to the 2p level as a result, 

stimulated emission is taking place and light of wavelength 0.6328µm is 

emitted. The atoms at the 2s level, on the other hand, drops to the 2p level by 

emitting light at 1.15µm. However, the atoms at the 3s level may instead 

dropdown to the 3p level, by emitting light at 3.39µm.  

 

Fig. (1.1 b) energy level diagram of He-Ne ions 



Advantages: 

 Less heat is generated inside the discharge tube, therefore no need for 

cooling. 

 It is operated in continuous mode 

 It has high stability of wavelength. 

 Output of the laser can be tuned to a required wavelength (±100Å). 

 It is not much expensive 

Disadvantages 

 Output power is moderate 

 Compare with solid state laser its size is large 

1.2. Ar+ ION LASER 

Ion lasers consist primarily of lasers operating using ionoised species of the 

noble gases argon, krypton or xenon. Argon with strong emissions in the visible 

blue green and weaker lines in the ultra violet and infra red is the most 

important type commercially. The attraction of the argon-ion laser is the ability 

to produce CW (continuous wave) output from mW to tens of W in the visible 

part of the spectrum. The technology however, is fairly complex as can be seen 

from the schematic representation in Fig.1. 

                        

                                       Fig. 1.2a. Argon ion laser schematic 



Argon-ion lasers operate in high temperature plasma tubes with bores 

about 1.2mm diameter, and lengths up to 1.5m. Excitation is by a high current 

discharge that passes along the length of the tube, concentrated in the small 

bore. High current density in the centre of the tube ionises the gas and 

provides the energy to excite the ion to the lasing energy levels. The high 

current density leads to sputting of the bore materials by the plasma, which is 

generally detrimental. Extra gas is needed to replenish gas depleted during 

operation and the low efficiency (~0.1% wall plug) requires methods of 

removing waste heat. Solutions to these problems use high temperature 

ceramics, tungsten, separate gas flow paths and active cooling. In addition, 

magnetic fields are sometimes used to help conform the discharge current to 

the centre of the bore. 

Fused silicon or crystal quartz are usually used for the optics on these 

lasers, quartz being used for high power visible and UV applications. 

Typical values for beam diameters for argon ion lasers are from 0.6 to 

2mm with beam divergences of 0.4 to 1.2 m radians. 

            

                   Fig.  (1.2b) Typical energy level diagram of Argon ion  



 

A gas discharge in pure argon at low pressure creates Ar+ and free 

electrons by electron collision ionisation, and three main processes then act to 

produce population inversion. These are (a) electron collision excitation of the 

ion ground state to directly populate 4p, (b) electron collision excitation from 

metastable states of the ion and (c) radiative cascade to 4p from electronic 

levels above it. 

 

 A high current density discharge is needed for effective pumping, as can 

be seen from the following. Suppose the number density of Ar+ species in the 

discharge is N + and the electron density is n e. The rate at which electron 

collisions excite processes (a) and (b) in the ion is then proportional to n eN +. 

For a quasi-neutral discharge with n e ≈ N + and a current density j = n eeu, 

where u is the electron drift velocity, n eN + ≈ ne
2 ∝ j2, that is, excitation, scales 

as the square of current density. This simple modelling indicates the benefit of 

a high current density discharge for pumping the laser. 

 

The low quantum efficiency of the system (~ 7.5%), and the fact that 

electron collision excitation is not particularly effective at channelling energy 

into the upper laser level, leads to a poor overall electrical-to-optical conversion 

efficiency for the laser (typically less than 0.1%). Large electrical power input is 

thus required to get useful laser output and, in addition, this power is 

dissipated in a small volume as the current must be confined to a low area to 

maximise the current density, j. The constructional design of argon ion 

lasers reflects the need to maximise j while managing a large thermal power 

density loading. 

The tube technology is fairly complex for high-power lasers, where the 

cross-section area of the axial discharge is defined by refractory metal discs 

with small holes in their centre spaced along the bore of the main tube, which 

is made of a ceramic and water cooled. In addition, an axial magnetic field is 



usually applied to constrict the discharge so as to raise j and help keep the 

discharge away from the main tube wall to reduce damage. Not only are high-

power argon ion lasers costly to acquire because of this specialised technology, 

but they also have significant running costs because of the electrical power and 

cooling water demands. 

If sub-watt output power is acceptable, Ar+ laser technology becomes 

considerably simpler. Such devices use an axial discharge in a narrow-bore 

tube fabricated from a suitable refractory material and air cooling to remove 

heat. These are relatively compact and affordable and need no special services. 

They have good spatial and temporal coherence and, as a fibre-deliverable 

visible laser, continue to find use in medical applications where a modest 

average power is adequate, e.g. ophthalmic surgery. 

 

Advantages: 

 Production of multiple wavelength is the main advantage plus 

characteristic o argon as well as other ion lasers 

 Argon lasers produce high power output as compared to He-Ne 

laser 

 Argon laser is a higher gain system 

 Argon laser like He-Ne has very less divergence, typically about 1 

milli radian 

 

Disadvantages: 

 Construction is very difficult 

 Cost of Argon laser is not as low as He-Ne laser 

 Power supply of high voltage is required. Because due to solenoid 

there is extra burden on it 

 

 

 

 



Applications: 

 Argon laser used in scientific research 

 Argon laser used in medical application 

 An artistic display and light shows also argon lasers are used 

 

SOLID STATE LASER 

In solid state lasers the active medium is a solid material consists of an active 

ion doped in the solid host material. The active ion must have the following 

characteristics 

 

 It must have sharp fluorescent line 

 It must have broad absorption band, and 

 It must have high quantum efficiency for the wavelength of interest. 

Important active ions that satisfy above characteristics are rare earth ions like, 

neodymium, ytterbium, erbium, holmium, thulium, cerium and transistion 

metals like chromium, titanium, nickel, etc.  

The host material must have following characteristics: 

 It must be stong and fracture resistant, 

 It must have high thermal conductivity, and  

 It must have high optical quality 

The solid state material used as the laser active medium with absorption band 

in the visible region is usually shaped into a rod with reflecting mirrors placed 

at each end. The mirrors form a resonant cavity and provide the necessary 

feedback to generate laser beam. Optical pumping with flash lamps having 

their emission spectra in the visible range is used as the excitation mechanism.  

Flash lamp pumped solid state lasers are, in general, inefficient, as only a very 

small region of the emission spectra is used in the absorption process. 



Advantages of a diode pumped solid state laser are 

1 ) compactness  2) light weight 3) small size 4)  long life. 

 

1.3. RUBY LASER 

Ruby laser is the first type of laser constructed by Maiman in 1960. Ruby is a 

crystal of Al2O3 in which some of the Al3+ ions are replaced by (0.05% by 

weight) Cr3+ ions. Cr3+ ions constitute the active centres whereas the aluminum 

and oxygen atoms are inert.  

Principle:  

It is a three level solid state laser. Ruby rod is used as an active medium 

and Cr3+  ions act as a active center. Optical pumping method is used to 

achieve the population inversion. The wavelength of the laser beam emitted is 

6943Å.  

Construction: 

                              

Fig. (1.3 a) schematic diagram of Ruby laser 

The arrangement of laser is shown in fig (8 a). It consists of a ruby cylindrical 

rod typically 5 cm long and 0.5 cm in diameter whose ends are optically flat 

and accurately parallel. One end is fully silvered and the other is only partially 

silvered. The rod is surrounded by a glass tube. The glass tube is surrounded 

by helical xenon flash tube which acts as the optical pumping system.   



Working: 

The energy level diagram of chromium ions in ruby crystal is shown in fig (8 b). 

The Cr ions are excited from level E1 to level E3 by the absorption of light of 

wavelength 550 nm from the xenon flash tube. The excited ions quickly 

undergo non-radiative transitions to the level E2, with a transfer of energy to 

the lattice thermal motion. The E2 level is a metastable state with a lifetime of 

about 3 x 10-3 s (usual atomic lifetimes are  10-28 s). Now, the population of 

the E2 level becomes greater than that of the E1 level and thus the “population 

inversion” is achieved. 

 

Fig. (1.3 b) Energy level diagram of chromium ions in ruby laser 

               Some photons are produced by spontaneous transition from E2 to E1, 

and have a wavelength of 694.3 nm (ruby red). The ends of the ruby rod act as 

reflecting mirrors. Therefore, Photons that are not moving parallel to the ruby 

rod escape from the side, but those moving parallel to it are reflected back and 

forth. These stimulate the emission of similar other photons. The chain 

reaction quickly develops a beam of photons all moving parallel to the rod, 

which is monochromatic and is coherent. When the beam develops sufficient 

intenstity, it emerges through the partially silvered end. 



Once all the chromium ions in the metastable level have returned to ground 

level, the laser action stops. It is then necessary to send one more flash of 

pumping radiation through the rod. Thus the ruby laser operates only in 

pulses. Even in the short period of a few microseconds in which the ruby is 

lasing, we find that the emission is made up of spikes of high intensity 

emission as shown in fig (). This phenomenon is known as spiking of the laser, 

first observed in experiments with ruby by Collins et.al. 

Advantages: 

 Ruby lasers are economical 

 Beam diameter of ruby laser is comparatively less than CO2 

 Output power of the ruby laser is not less as in the He-Ne laser 

 Since the ruby laser is in solid form, there is no chance of wastage of 

active  material 

Disadvantages: 

 No significant stimulated emission occurs until at least half of the 

ground state electrons excited to the metastable state. 

 Efficiency of ruby laser is comparatively low 

 Optical cavity of ruby laser is short as compared to other laser 

Applications: 

Ruby lasers are used for number of scientific applications which include 

 Pulsed holography 

 Ranging experiments 

 To remove tattoos 

 To remove skin lesions resulting from excess melanin 

 

 

 



1.4. Nd:YAG LASER 

The Neodymium: yttrium- aluminium- garnet (Nd:YAG) laser 

Nd:YAG laser is a solid state laser in which lasing medium is obtained by 

embedding Nd3+ ions in YAG (Y3Al5O12) crystal. The crystalline host, in general, 

is doped with around 1 % of neodymium by atomic percent. Krypton flash lamp 

is used for optical pumping. Instrumentation arrangement is shown in fig (9 a). 

Laser operation of Nd:YAG was first demonstrated by Geusic et.al. at Bell 

laboratories.  

 

Fig. (1.4 a) schematic diagram of Nd:YAG laser 

The energy level structure and laser transition in Nd:YAG laser are shown in fig 

(9 b). Nd:YAG laser is optically pumped using a flash lamp or laser diodes. 

Flash lamp pumping is possible due to the broadband pump absorption mainly 

in the 0.8 µm region and the four level characteristics. The krypton flash lamp 

emits most of its output light in the infrared region and of the absorption 

bands of Nd:YAG and, therefore, it is the best spectral match.  

 

Nd3+ ions in the ground state absorb photons and are raised in energy to one of 

the pump bands. The state of lifetimes of the order of 10-8sec, and the atoms 

quickly drop to the upper lasing level by radiation less transition. The upper 



lasing level, has a fluorescent lifetime of about 0.3ms. The population inversion 

develops and lasing occurs, with the atoms dropping to the lower lasing level. 

This level is very close to the ground state, and excited atoms rapidly return to 

the ground state by another radiationless transition. So, laser action is usually 

obtained between the levels E3 and E2 at a wavelength of about 1.06 µm in the 

infrared region.  

 

 

 

 

 

 

 

 

 

Fig.(1.4 b) energy level diagram of Nd:YAG laser 

Advantages:  

 Output energy is very high 

 Repetition rate is very high 

 Population inversion is easily achieved  

 Excitation can be easily achieved  by lower threshold energy. 

Disadvantage: 

 The electron energy level structure of Nd3+ in YAG is complicated 

 

E
1
 

E
2
  

E
3
 

1 

3 

2 

4 
E

4
 

Upper laser level 

lower laser level 

Pump band  

Ground state  

 1.06 µm  



Applications: 

Nd:YAG laser have wide range of applications.  

 In industry they are used for material processing: drilling, spot welding 

and laser marking 

 Medical applications include many types of surgery, such as memberane 

cutting, gall – bladder surgery 

 It is used to study laser induced fusion reactions 

 

1.5. LIQUID DYE LASERS 

 Dye used in lasers are organic substance which absorb in the near 

ultraviolet, visible, or the near infrared regions of the electromagnetic 

spectrum. These substance are most commonly solids which are dissolved in 

various solvents like water, ethyl alcohol, methanol, ethylene glycol, etc.  

The levels taking part in the lasing transistion are the different 

vibrational sublevels of different electronic states of the dye molecule. Fig (13) 

gives the typical energy level diagram of a dye molecule in which So represents 

the electronic ground level which contains a large number of sublevels 

corresponding to the various vibrational and rotational states of the molecule. 

The dense collection of the rotational sublevels leads to a near continuum of 

states. Each electronic state is characterized by similar broad continuum of 

states. This is what leads to the characteristic broad absorption and emission 

spectrum of a dye molecule.  

Because of absorption of light, dye molecules get excited from the ground 

state S0 to higher viberational rotational levels of the next electronic state S1. 

Because of thermal redistribution in the level S1, most of the dye molecules 

drop down to the lowest vibrational level B of S1. Radiation is emitted when the 

molecules decay from the level B to any higher lying vibrational sublevel of S0. 

This is termed fluorescence. The lifetime τ of level B for dye molecule is about 



10-9 sec. As is evident, the peak wavelength of the emitted fluorescence 

spectrum is higher than that of the absorption spectrum.  

 

 

 

 

 

 

 

Fig.  (1.5 a) typical energy level diagram of dye molecule 

Molecules from the state S1 can also make a non-radiative relaxation to the 

triplet level T1; this is referred to as intersystem crossing. This transition 

process is detrimental to laser action for two reasons. Firstly, this process leads 

to a reduction of the population of level S1 which is the upper laser level. 

Secondly, the absorption spectrum of T1→T2 usually overlaps the emission 

spectrum of S1→S0, thus leading to a loss at the wavelength corresponding to 

the laser emission. In fact this loss can be so strong as to even prevent laser 

oscillation. For good laser action, one must reach the threshold level before a 

significant number of molecules have dropped to level T1. This requires an 

exciting source with a very fast rise time, which could either be flash lamps 

with very fast rise time or pulsed lasers. 

Tuning in dye lasers may be obtained using various techniques; one interesting 

method is to replace one of the mirrors of the cavity with a diffraction grating 

which is adjusted so that the first order reflected beam for the desired 

wavelength is along the axis of the optical cavity. By rotating the grating, the 

wavelength can be altered. In fact the grating behaves as a mirror with a sharp 
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reflectance spectrum. Using such techniques, tunning over 500Å has been 

obtained. 

1.6. RHODAMINE 

Rhodamine is a family of related dyes, a subset of the triarylmethane 

dyes. They are derivatives of xanthene. Important members of the 

rhodamine family are Rhodamine 6G, Rhodamine 123, and Rhodamine B. 

They are mainly used to dye paper and inks, but they lack the light-fastness 

for fabric dying 

Rhodamine 6G is a highly fluorescent rhodamine family dye. It is often 

used as a tracer dye within water to determine the rate and direction of flow 

and transport. Rhodamine dyes fluoresce and can thus be detected easily 

and inexpensively with instruments called fluorometers. Rhodamine dyes 

are used extensively in biotechnology applications such as fluorescence 

microscopy, flow cytometry, fluorescence correlation spectroscopy and 

ELISA. 

         

 

                        Fig.1.6 a. Structure of Rhodamine 

 

 



   Other Derivatives 

There are many rhodamine derivatives used for imaging purposes, for 

example Carboxytetramethylrhodamine (TAMRA), tetramethylrhodamine 

(TMR) and its isothiocyanate derivative (TRITC) and, sulforhodamine 101 

(and its sulfonyl chloride form Texas Red) and Rhodamine Red. TRITC is the 

base rhodamine molecule functionalized with an isothiocyanate group 

(−N=C=S), replacing a hydrogen atom on the bottom ring of the structure. 

This derivative is reactive towards amine groups on proteins inside cells. A 

succinimidyl-ester functional group attached to the rhodamine core, 

creating NHSrhodamine, forms another common amine-reactive derivative. 

Other derivatives of rhodamine include newer fluorophores such as Alexa 

546, Alexa 633, DyLight 550 and DyLight 633, HiLyte fluor 555 HiLyte 594, 

Janelia Dyes JF549 and JF669 have been tailored for various chemical and 

biological applications where higher photostability, increased brightness, 

different spectral characteristics, or different attachment groups are 

needed. 

   Uses of Rhodamine 

Rhodamine dyes fluoresce and can thus be detected easily and 

inexpensively with instruments called fluorometers. Rhodamine dyes are 

used extensively in biotechnology applications such as fluorescence 

microscopy, flow cytometry, fluorescence correlation spectroscopy and 

ELISA. Rhodamine 123 is also used in biochemistry to inhibit 

mitochondrion function. Rhodamine 123 seems to bind to the 

mitochondrion membranes and inhibit transport processes, especially the 

electron transport chain, thus slowing down inner respiration. It is a 

substrate of P-glycoprotein (Pgp), which is usually overexpressed in cancer 

cells. Recent reports indicate that rhodamine 123 may be also a substrate 

of multidrug resistance-associated protein (MRP), or more specifically, 

MRP1. They are used in some lasers. In addition to their major applications, 

rhodamines are used in dye laser as gain media.  



1.7.  TITANIUM SAPPHIRE LASER 

General Description  

The titanium sapphire laser (Ti:A1203) is the most widely used tunable 

solid-state laser. It can he operated over a wavelength range or 660-1,180 

nm and thus has the broadest gain bandwidth of any laser. lt also has a 

relatively large stimulated emission cross section for a tunable laser. 

Titanium ions are typically doped into a sapphire (aluminum oxide) crystal at 

a concentration of 0.1% by weight. This laser has achieved ie. v outputs of 

nearly 50 W as well as lamas of peak power from 100-fs-duration mode-

locked pulses. The laser can be flash lamp pumped, but the technique is not 

efficient owing to the unusually short upper laser level lifetime of the laser 

crystal (3.8 its at room temperature), which does not match well with the 

longer pulse duration of typical flash lamps. Commercial titanium sapphire 

lasers are therefore typically pumped with either argon ion lasers (for cw 

operation) or frequency-doubled Nd:YAG or Nd:YLF lasers (for pulsed 

operation).The pump absorption hand covers the range from less than 400 

run to just beyond 630 nm and peaks around 490 um, as can be 'seen in 

Figure. The titanium sapphire. crystal has high thermal conductivity, good 

chemical inertness, good mechanical 

 

 

                                  

               Fig.1.7a. Titanium Sapphire Laser 



 

 

Laser Structure 

An example of a cw Ti:A1203 laser using an X-cavity design is 

shown in Figure. It uses an astigmatically compensated cavity for the 

Ti:A1203 laser crystal. In such a cavity design, the crystal typically 

ranges from 2 to 10 mm in length, depending upon the dopant level, and is 

arranged with the output faces of the crystal at Brewster's angle. The 

longer-length crystal lengths with lower doping concentrations are used 

with higher pumping flux intensities in order to obtain higher power output.  

Generally, either a cw argon ion laser or a doubled Nd:YAG laser is used as 

the pumping source. The pump beam enters the cavity from the left, as 

shown in the figure. A birefringent filter, installed within the cavity at 

Brewster's angle, can be rotated for wavelength tuning. A modified version 

of this cavity, shown in Figure (1.7 a), is used to produce mode-locked 

pulses. It includes two prisms for intra cavity dispersion compensation and 

uses the Kerr lens mode locking (KLM) technique described. The necessary 

aperture within the Ti:A1203 crystal to produce KLM is provided by a 

separate aperture located next to the crystal (not shown), or simply by the 

aperturing effect associated with the small diameter of the pump beam. 

Extremely precise adjustments and alignment of the mirrors and cavity 

dimensions are essential to maintain a stable mode-locked output for this 

laser.  

Excitation Mechanism  

The energy-level structure of this laser is similar to that of a dye 

laser. The ground state, a 2T2 state, has a broad sequence of overlapping 

vibrational or vibronic levels extending upward from the lowest level, as 

shown in Figure. The first excited state is a 2E state that also extends 

upward with a series of overlapping vibronic levels. This energy-level 

structure is unique for laser crystals in that there are no d-state energy 



levels above the upper laser level. Thus, the simple energy-level 

structure involving a 3d electron eliminates the possibility of  excited-state 

absorption, an effect that reduces the tuning range of other tunable solid-

state lasers  

 

Excitation therefore occurs from the lowest vibronic levels of the 2T2 

ground state (those that are sufficiently populated at room temperature) to 

the broad range of excited vibronic levels of the 2E excited state. The 

population pumped to all of the vibrational levels of the broadband 

excited state rapidly relaxes to the lowest levels of that state. It then decays 

back to any one of the vibronic levels of the ground state in a manner that is 

similar to a dye laser, but with a much lower radiative When the population 

reaches the excited vibronic levels of the ground state, it very rapidly 

relaxes to the lowest-lying levels, leaving a distribution dictated by the 

Boltzmann in Relationship. 

The laser energy-level arrangement is effectively a four-level 

system, as in a dye laser. in which all of the higher-lying vibronic 

levels of the 2E state serve as level i of the four-level system 

described in Section. The lowest vibrational levels of the 2E state 

serve as the upper laser level it. These levels decay to any of the 

excited vibrational levels of the ground state 2T2, any of which can be 

considered as the lower laser level I. These levels then rapidly relax 

to the lowest levels of 2T2 serving as the ground state 0.  

 

Applications  

Titanium sapphire lasers are used in infrared spectroscopy of 

semiconductors and in laser radar, range finders and remote 

sensing. They are used in medical applications such as 

photodynamic therapy. They are also used to produce short pulses of 

X-rays by focusing the mode-locked pulses onto solid targets from 



which high density and high-temperature radiating plasmas arc 

produced, plasmas that in turn emit large fluxes of X-rays.  

 

1.8. SEMICONDUCTOR LASER 

A unique and the most important type of laser in terms of opto-electronics 

applications is the semiconductor laser. For the uniqueness of its qualities, 

semiconductor diode laser is having numerous applications such as two way 

video, audio and data transmission, information storage and processing etc. Its 

uniqueness is for the following factors: 

 Miniature in size and so natural integration capabilities with micro 

electronic circuitry 

 Efficient 

 Inexpensive 

 Can be directly driven and modulated by electrical currents 

 Covering a wide spectral range 

 Large gain spectral width 

 Tenability over several 100 angstrom 

Semiconductor laser emits light at various wavelengths like ultra violet, 

red and infrared and research is underway for development of blue and green 

semiconductor laser. 

A semiconductor laser uses special properties of the transistion region at 

the junction of a p type and n type semiconductors. In the case forward bias, 

electrons in Nside,  holes in P side cross the junction and recombination 

takesplace with the emission of photons. To obtain stimulated emission and 

amplification in junction transition region, the equivalent of the population 

inversion needs to be created, for which a high density of electrons and high 

density of holes must exist simultaneously in the region. To achieve this, 

heavily doped pn junctions are used in semiconductor lasers. This region 



serves as a population inverted medium, which amplifies the radiation emitted 

within it through electron – hole recombination. 

 

SEMICONDUTOR DIODE LASER 

 

 Definition 

It is specifically fabricated p-n junction diode. This diode emits laser light 

when it is forward biased.  

  

Principle  

When a p-n junction diode is forward biased, the electrons from n – 

region and the holes from the p- region cross the junction and recombine with 

each other. 

During the recombination process, the light radiation (photons) is 

released from a certain specified direct band gap semiconductors like Ga-As. 

This light radiation is known as recombination radiation.  

 

The photon emitted during recombination stimulates other electrons and 

holes to recombine. As a result, stimulated emission takes place which 

produces laser. 



 

  

Construction  

Figure shows the basic construction of semiconductor laser. The active 

medium is a p-n junction diode made from the single crystal of gallium 

arsenide. This crystal is cut in the form of a platter having thickness of 

0.5μmm. 



 

The platelet consists of two parts having an electron conductivity (n-type) 

and hole conductivity (p-type). 

  

The photon emission is stimulated in a very thin layer of PN junction (in 

order of few microns). The electrical voltage is applied to the crystal through 

the electrode fixed on the upper surface. 

  

The end faces of the junction diode are well polished and parallel to each 

other. They act as an optical resonator through which the emitted light comes 

out. 

  

 

Working  

  

   Figure shows the energy level diagram of semiconductor laser. 



 

When the PN junction is forward biased with large applied voltage, the 

electrons and holes are injected into junction region in considerable 

concentration 

  

The region around the junction contains a large amount of electrons in 

the conduction band and a large amount of holes in the valence band. 

  

If the population density is high, a condition of population inversion is 

achieved. The electrons and holes recombine with each other and this 

recombination’s produce radiation in the form of light. 

  

When the forward – biased voltage is increased, more and more light 

photons are emitted and the light production instantly becomes stronger. 

These photons will trigger a chain of stimulated recombination resulting in the 

release of photons in phase. 

  

The photons moving at the plane of the junction travels back and forth by 

reflection between two sides placed parallel and opposite to each other and 

grow in strength. 



After gaining enough strength, it gives out the laser beam of wavelength 

8400o A . The wavelength of laser light is given by 

 

Where Eg is the band gap energy in joule. 

  

Characteristics  

 Type: It is a solid state semiconductor laser. 

 Active medium: A PN junction diode made from single crystal of gallium 

arsenide is used as an active medium. 

 Pumping method: The direct conversion method is used for pumping 

action 

 Power output: The power output from this laser is 1mW. 

 Nature of output: The nature of output is continuous wave or pulsed 

output. 

 Wavelength  of  Output:  gallium  arsenide  laser  gives  infrared  radiati

on  in  the wavelength 8300 to 8500o A .  

Advantages  

 It is very small in dimension. The arrangement is simple and compact. 

 It exhibits high efficiency. 

 The laser output can be easily increased by controlling the junction 

current  

 It is operated with lesser power than ruby and CO2 laser. 

 It requires very little auxiliary equipment 

 It can have a continuous wave output or pulsed output. 



 

Disadvantages  

 It is difficult to control the mode pattern and mode structure of laser. 

 The output is usually from 5 degree to 15 degree i.e., laser beam has 

large divergence.  

 The purity and monochromocity are power than other types of laser 

 Threshold current density is very large (400A/mm2). 

 It has poor coherence and poor stability. 

 Application  

 It is widely used in fiber optic communication 

 It is used to heal the wounds by infrared radiation 

 It is also used as a pain killer 

 It is used in laser printers and CD writing and reading. 

1.9. HETROJUNCTION SEMICONDUCTOR LASER 

More efficient lasers can be built using multiple layers in the laser 

structure. Such devices are known as hetrojunction diode lasers. The efficiency 

can be improved by confining carriers to a narrow region so that population 

inversion can be build up at lower current levels. The result is a lowering of the 

threshold current at which laser action begins. Because of lower threshold 

current, the laser can be made to operate continuously at room temperature. 

Single hetrojuction diode lase: 

A single hetrojunction laser is made by growing a layer of AlGaAs on 

GaAs. In a GaAs homojunction laser, the laser action occurs primarily on the p 

side of the junction due to a higher efficieny for electron injection than for hole 

injection. In a normal pn junction the injected electrons diffuse into the p 

material part of the electrons near the junction. If the p material is made 

narrow and terminated in a barrier, the injected electrons can be confined near 



the junction. Referring to fig(), the electrons injected from the n GaAs layer is 

blocked from diffusing over a large distance by potential barrier provided by the 

higher bandgap p- GaAs layer. Now, the active region thickness is the 

thickness of p- GaAs layer. If the thickness is made small, a smaller drive 

current can lead to population inversion and lasing. Further, the change of 

refractive index at the hetrojunction provides a wavelength effect which 

confines light. However, single hetrojunction lasers do not confine light well 

enough to emit light continuously at room temperature.  

Double hetrojuction diode laser 

A further improvement can be obtained by sand witching a layer of low 

bandgap material between two high bandgap layers. One commonly used pair 

of materials is GaAs with AlxGa1-xAs, which has a wider energy gap and lower 

refractive index than GaAs. Fig.1.9 a. shows the AlxGa1-xAs / GaAs 

hetrojunction laser. The choice of the fraction x must be selected to achieve the 

appropriate lattice matching and laser wavelength. Each of the junctions 

between different bandgap materials is called a hetrojunction, hence the name 

double hetrojunction laser. This double hetrojunction laser structure further 

confines injected electrons to achieve region and further reduces the threshold 

current required for lasing. Similarly, the step change in refractive index 

provides a much more efficient waveguide structure for light than the single 

hetrostucture diode laser. The operating wavelength of  AlxGa1-xAs / GaAs 

ranges from 0.78 to o.87 µm.  In In1-xGaxP1-x / InP lasers, the wavelength range 

is from 1.1 to 1.65 µm.   



 

Fig. (1.9 a) schematic diagram of hetrojunction laser 

 

Advantages  

 The output power is high 

 It has high directionality and high coherence 

 Low threshold current density 

 Highly stable and longer lifetime 

Disavantages 

 Cost is higher than homojunction laser 

 Difficult grow different layers of pn junction. 

Applications  

 Information transmission: like optical fibre communication system 

 Information storage: for examples, optical disk players for audio, video 

and optical disk data storage system 

 Information collection and processing like laser printers, laser bar-code 

scanners and image scanning and measurement systems. 

 


