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Four -Level Lasers:

We consider an arrangement similar to that of the three level system but with the
level o added below the lower laser level, see fig. (8) which is typical of many
solid state lasers. The level o is the ground state, and the majority of the atoms
are initially in that atom before pumping occurs.

You Yoi, Yiiand yi,  ——»are neglected because of the large separation and
according to following equation:

Yiw _ o~ (Ey—Ep)/KT
Yul

I.e E, >» Ejand accordingly yi>>yu.

Also, vii, Yioand yuo ———» are neglected since they are very small, owing
to the large energy separation of the specific levels.

The rate equations are:
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Figure (8): four- level laser
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Sum two last equations, we get:
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Also, sum first two equations:
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Because yj, is typically much greater than vy, (owing to the energy — level
separation) , we can approximate this equation :
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In effect, level i and u as well as | and 0 are rapidly brought to thermal
distributions in times of the order of 107 via collisions, thus



Ni _ g=BEw/KT 77
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The pair of levels i&u —— the population in level u since it is the upper
laser level.

The pair of levels 1&0—— itis desirable to have most of the population reside
in level o, but owing to the close energy separation of | and o and to the
consequences of Boltzmann enough population can be in level | to affect N;and
then reduce the population inversion ANul. We can see that the pumping
requirements of the four level system are reduced by the factor e 2¥XT compared
to three laser level.

Example: Compare the threshold pumping flux required for the four-level Nd:
Y AG laser with that of the ruby laser, which uses the three level pumping scheme,
where the life time of the upper laser level 4 is 230 ps for the Nd: YAG laser,
AE,=0.25 ev at room temperature.

Solutions
1

Yul= Ay =— —( :

™ 2.3x10

) = 4.35x10% S

Foi > €AFKT yy = exp( -0.25/ (8.6x10-°x300)) (4.35x10°).

= 97 (4.35x 10%) = 0.265.

If we compare this pumping rate to that obtained for ruby in the previous example,
we see that the pumping rate is reduced by a factor:

333/0.265=1257

This even though the transition probability of the Nd:YAG is significantly higher
than that of the ruby laser and would therefore increase the pumping thresholds
the reduction due the exponential factor far outweigh this increase. Hence, we
have a much lower threshold pumping rate for a four-level system than for a three-
level system.

https://www.youtube.com/watch?v=eEjbVU5FirQ



