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Chapter 10: Laser Pumping 
Requirements and Techniques 

• Excitation or pumping threshold 
requirements 

• Pumping pathways 

• Specific excitation parameters for optical 
pumping 

• Specific excitation parameters for 
particle pumping 

 

Cambridge University Press, 2004 
ISBN-13: 9780521541053 

All figures presented from this point on were taken directly from (unless otherwise cited): 
W.T. Silfvast, laser Fundamentals 2nd ed., Cambridge University Press, 2004.  

Chapter 10 Homework: 7, 9, 10, 14(Bonus) 



Excitation Pumping Threshold 
Requirements 

• Applied excitation flux is defined as the product of the density of the pumping state and the 
rate of excitation:  NΓ 

• By applying a known excitation rate, one can determine the stead state solution for the upper 
state density 

 

 

• Where Nj is the density in the state j from which the excitation occurred.  In many cases this 
would be the ground state previously written as o or l 

• In other cases such as organic die lasers, Nj is the dye concentration mixed into the solvent 

 

• From our expressions for gain, and assuming that the pumping flux generates significantly 
more states in u than in the lower state, then one can express the equations for gain as: 

 

 



• Direct Pumping:  Upper level excitation from a source 
(or target) level j which is generally the highly 
populated ground state, o, of the laser species 

 

• Optical Pumping: involves the absorption of pumping 
light within the gain medium 

• Common process for solid state and organic die lasers 

• We define Bou as a coefficient related to the topical 
transition probability Auo of the absorbing transition. 

 

 

• Particle Pumping: excited particle collision is used to 
transfer energy within the gain medium 

• Common process for gas and semiconductor lasers 

• Kou is the reaction probability that a collision that a 
particle p will collide with the laser species and excite 
it from o u 

Pumping Pathways: Direct Pumping 



 

• Particle Pumping: excited particle collision is used to 
transfer energy within the gain medium 

• Common process for gas and semiconductor lasers 

• Kou is the reaction probability that a collision that a 
particle p will collide with the laser species and excite 
it from o u 

 

• If we take into account the average relative velocity 
between the particle p and the target species, o, then 
one can write: 

 

 

• Yielding an excitation flux rate 

 

 

• Or                                     in the case where electron 
collisions are responsible for the excitation 

Pumping Pathways: Direct Pumping 



• There may be no efficient direct route from ou 

– For optical pumping, the Bou associated with 
absorption would be too small to produce 
gain 

– For particle pumping, the excitation cross-
section would be too small 

• There may be a good route ou, but there is a 
better route from ol.   Ie, the population 
density of the lower state in the solution is still 
too large to allow inversion 

• Even though there is a good route for excitation, 
there may not be a good source of pumping flux 
available for the ∆E required. 

 

• Let’s examine the conditions specified in the third 
disadvantage.  Take the minimum pumping power 
per unit volume as: 

Disadvantages of Direct Pumping 

Even if both u l systems 
emit the same wavelength, it 
took considerably more 
power to excite system b 



• Indirect pumping: Processes that involve some 
intermediate level q .   Three categories exist. 

– Transfer from below:  

– Transfer across: 

– Transfer from above: 

• In all three cases the transfer from q u for atoms 
and electron collisions is  

 

 

 

• For photon transfer 

Pumping Pathways: Indirect Pumping 



• In some cases, the intermediate level, q, will have a lifetime much longer than the upper 
state lifetime, providing a higher population of q than u.   Allowing q to act as a reservoir of 
population that is energetically near level u upon which it can draw from. 

 

• In some cases the pumping probability from oq is much greater than that from o u, 
thereby lowering pumping requirements 

• Transfer from qu is much more favorable in many circumstances than from q l or q o 

• Level q can belong to a different species than u, thus species with q can be exited and store 
the energy until it donates it to u, allowing one to populate the ratio Nu/Nl in a very 
controlled manner. 

• The energy level q can have a very broad width, accepting pumping flux over a number of 
different energies and donating those to a specific narrow energy level u which becomes 
highly stimulated.  This is highly applicable to atoms in which the radiative decay occurs 
between two high-lying levels such as that of the He-Ne laser which can be broadly pumped 
to excite He that then collides with Ne to populate a very specific u state. 

 

Advantages of Indirect Pumping 



Advantages of Indirect Pumping 



• Transfer from below:  
• Generally for gas lasers: Ar+, Kr, Xe, and single 

excitation He-Cd lasers 

• The q state accumulates because of its very long 
lifetime and serves as a storage state 

Indirect Pumping: Transfer from Below 



• Transfer from below:  Ar+ laser 

Indirect Pumping: Transfer from Below 



• Transfer across:  
• Generally for gas lasers: He-Ne, CO2 

• The q and u states must have nearly 
equal energies 

Indirect Pumping: Transfer Across 

2 metastable  
storage levels 



• Transfer across:  He-Ne 

Indirect Pumping: Transfer Across 

2 metastable  
storage levels 



• Transfer across: CO2 

Indirect Pumping: Transfer Across 



• Transfer across: He+-Se 

Indirect Pumping: Transfer Across 



• Transfer from above: 

• In most cases, pump energy can transfer over a wide range of energies 

• q can be in either a single energy state or in a band 

 

• Because q lies above u, the population preferentially decays to u as opposed to lower 
transfers  (remember: probability favors the lower energy state in the transfer level) 

 

• In most cases energy moves from q automatically without any additional stimulus at a 
very fast rate.  Transfer is produced by phonon collisions in a solid and by surrounding 
electrons or atoms in a gas 

• Rates as high as 1012/sec or greater in liquids and solids  

• Decay rate is thermalization downward by Boltzmann equilibrium conditions 

Indirect Pumping: Transfer from Above 



• Transfer from above: Ruby Laser, Nd-YAG 

Indirect Pumping: Transfer from Above 



• Transfer from above: Semiconductor and Die lasers 

Indirect Pumping: Transfer from Above 

Die laser Semiconductor Laser 



• Transfer from above: Various Flouride lasers including, KrF 

Indirect Pumping: Transfer from Above 



Specific Optical Pumping Geometries 

Increased  
pumping 
efficiency 

Increased pumping efficiency 
 
By pumping from both 
directions at the Brewster 
angle so not to  interfere with 
the optical pathway of the 
beam 



Specific Optical Pumping Geometries 
Transverse pumping using lenses to 
increase flux at the surface of the gain 
medium for cases where a narrow 
absorption width  helps narrow the 
emission band.  Used in dye lasers 

Designed for extremely high efficiency 
pumping of small gas and liquid jets 



• Conditions for optical pumping are described in 
terms of how the gain medium can be best designed 
to take advantage of the pumping flux 

• Considers a simple model consisting of a cylindrical 
rod of gain medium pumped with light 

• The intensity of light in the medium can be described 
as: 

 

 

 

 

 

 

 

 

Optical Pumping Requirements 

Recall that: 



• Simplified Approximation 

• Assume an absorption length, lp, for pumping flux in 
the gain medium 

• In the case where 

 

 

 

 

 

 

 

 

Optical Pumping Requirements 



• Top figure represents the ideal case 

• However, while the elliptical geometry 
provides optical flux from every direction 
into the laser rod, it may not do so in all 
directions at the same optical intensity, 
thereby producing an asymmetric pumping 
flux within the laser rod that must be 
corrected by further improving the pump 
conditions (double laser flash-pump) 

 

 

 

 

 

 

 

 

Transverse Optical Pumping 
Requirements 

Not generally the case 



• Diode end pumping focuses the light as closely as possible throughout the length of the gain 
medium.  Absorption considerations are key to focusing objectives of the lenses themselves 

 

 

 

 

 

 

 

 

Diode Optical End Pumping Requirements 



 

 

 

 

 

 

 

 

Laser Output vs. Optical Pumping 



Laser Output vs. Optical Pumping 



• Electron collisional pumping: 

• Occurs when an electric field is applied to 
a gas medium generating free electrons in 
a plasma with velocities of 106 – 107 m/s 

• These electrons collide with atoms or 
molecules in their ground state producing 
transitions to excited states 

• The process is regulated by the fact that 
momentum transfer due to collisions 
reduces the energy and thus the electric 
field of the free electrons 

• Assume an electron travels at an average 
drift velocity, vD, and an average thermal 
velocity, ve of: 

 

 

• Application of the ideal gas law: 

 

Allows one to evaluate the applied field 
in a given pressure 

 

Particle Pumping Excitation Parameters 

= 



• Number density of electrons in a plasma 

 

 

 

• Find the velocity based on kinetic energy 

 

 

• Substitute and find the electron energy density 

 

 

 

• Solve for the puling flux 

 

 

 

• Obtain energy density which can be integrated to obtain the cross section 

 

 

 

Expanded Discussion of Particle Pumping in 
Plasmas 



Expanded Discussion of Particle Pumping in 
Plasmas 



Electrical Pumping in Semiconductors 
• Current density in a semiconductor is  

 

• The drift velocity is  

 

 

• Where d is the diffusion length of the 
semiconductor based on the time 
constant and the diffusion coefficient of 
electrons in the conduction band 
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