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s are electrically non-
They are also called doped
or lasers.
2 Historically, the ruby laser was the
mmeohmm' ;;::fa;nvsn;ei mT:,??uE)y( Components of the first ruby laser

laser rod is in fact a synthetic ruby crystal,Al, O, crystal, doped with chromium ions at a ¢ . 21
of about 0.05% by weight. Cr** ions are the actual active centers and have a set of three energy feye
suitable for realizing lasing action whereas aluminum and oxygen atoms are inert.

Construction:The schematic of a ruby laser is shown in Fig.22.24. Ruby rod is taken in the forp,
of a cylindrical rod of about 4 em in length and 0.5 cm in diameter. Its ends are grounded and polishey | YA
such that the end faces are exactly parallel and are also perpendicular the axis of the rod. Ope face is

0[.)ti1
silvered to achieve 100% reflection while the other is silvered to give 10% transmission angd 909 jons
reflection. The silvered faces constitute the Fabry-Perot resonator. The laser rod is surrounded by 4 neo
helical photographic flash lamp filled with xenon. Whenever activated by the power supply the lamp coni
produces flashes of white light. of 0
: not
Flashlamp  gjyer coating | it | s
e R /,_;_ __onruby rod o M, % E, Eem

rod T oxl \ ) < Btk v | | Nonradiative E
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Fig. 22.24 Fig. 22.25

Working: Ruby laser uses a three — level pumping scheme. The energy levels of Cr** ion$ inthe

: S v : ir of
erystal lattice are shown in Fig. 22.25. There are two wide energy bands E, and Ej and a palr®

closely spaced levels at E,. When the flash lamp is activated, the xenon dischargeé generdle® r;;
intense burst of white light lasting for a few milliseconds. The Cr?* ions are excited to e €
bands E, and E,’ by the green and blue components of white light. the energy levels in these *
have a very small lifetime (=10-° ). Hence the excited Cr3* jons rapidly lose some of the enetfl
crystal lattice and undergo non-radiative transitions. They quickly drop to the levels E, The P,
levels at E, are metastable states having a lifetime of approximately 1000 times more thfm
- of E; level. Therefore, Cr3* ions accumulate at E,level. When more than half of the Cri*ion
mulates at B, level, the state of population inversion is established between E
hoton emitted spontaneously by a Cr3* ion initiates a chain of stimula
* ions in the metastable state. Red photons of wavelength 6943 A trave




G laser is one of the most
ypes of solid state laser. It is a
laser. Yttrium aluminium gamet,
2» commonly called YAG is an
ly isotropic crystal. Some of the Y3+
n the crystal are replaced by
ymium ions, Nd**. Doping
trations are typically of the order
725% by weight. The crystal atoms do
)t participate in the lasing action but
ve as a host lattice in which the active
es, namely Nd3* ions reside.
Construction: Fig. 22.26 illustrates a ™= - —
al design of Nd: YAG laser. The iy
n consists of an elliptically cylindrical reflector housing the laser rod along one of its focus line
'a flash lamp along the other focus line. The light leaving one focus of the ellipse will pass
oh the other focus after reflection from the silvered surface of the reflector. Thus the entire
!amp radiation gets focused on the laser rod. The YAG crystal rods are typically of 10 cm in

Nd: YAG rod : Mz

(&7—-} Out put

Elhpsondal reflector

g Trigger pulse




1 in Fig. 22.27. The -
level structure of the
~ free neodymium atom is E, ———f——
- preserved to a certain extend o, Y e
~ because of its relatively low - ; A
concentration. However, the :
energy levels are split and the
Structure is complex. It is
essentially a four-level system
with the terminal laser level E, 7
sufficiently far removed from Toxad C R TR i Lasing Level
the ground level. The pumping :
of the Nd’* ions to upper E,— 1
states is done by a krypton arc Energy levels and transitions in a Nd : YAG later.
lamp. The optical pumping Fig. 22.27
with light of wavelength range
to 5000 to 8000A excites the ground state Nd>* ions to the multiple energy levels at E 4~ The metastable
level E. is the upper laser level, while the E, forms the lower laser level. The upper laser level E, will
be rapidly populated, as the excited Nd3* ions quickly make downward transitions from the upper
energy bands. The lower laser level E, is far above the ground level and hence it can not be
populated by Nd** ions through thermal transitions from the ground level. Therefore, the population
inversion is readily achieved between the E s level and E, level. The laser emission occurs in infrared
(IR) region at a wavelength of about 10,600A (1.06 um). As the laser is a four-level laser, the
population inversion can be maintained in the face of continuous laser emission. Thus Nd: YAG
laser can be operated in CW mode. An efficiency of better than 1% is achieved. Nd: YAG lasers find
many industrial applications such as resistor trimming, machining operations like welding, hole
drilling etc. They are also used in surgery.

= Groumnd ey

22.14.3 HELIUM-NEON LASER
Gas lasers are the most widely
used lasers. They range from the low
power helium-neon laser used in
college laboratories to very high
power carbon dioxide laser used in
industrial applications. These lasers
operate with rarefied gases as the
active media and are excited by an
electric discharge. In gases, the =
levels of atoms involved in =~
d process are narrow and as .
| require sources with sharp Hellum-Neon Laser.




was invented _
ruction:The schematic of a He-Ne laser is shown in Fig.22.28. | 3t
discharge tube filled with a mixture of helium and neon gases in the ratio _
active centers and have energy levels suitable for laser transitions ﬂlilehdiﬁ help ir
neon atoms. Electrodes are provided in the discharge tube to produce discharge in the gas.
are connected (o a high voltage power supply. The tube is hermetically sealed by inclined
' arranged at its two ends. On the axis of the tube. two mirrors are arranged externally which

fthe Fabry-Perot optical resonator. The distance between the mirrors is adjusted to be m A /2
tha the resonator supports standing wave pattern
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wmn The probabrhty of energy transfuw

. are 10 helium atoms per 1 neon atom in the gas e’
from neon to helium atom is negligible.
of neon atom E is a metastable state. Therefore, neon atoms a

.E, (3p) is sparsely populated at ordinary temperatures, and a state ofp ° al Cz

i s established between E and E, levels. Random photons emitted sp on cith‘f{r
timulatec ‘emission and lasing occurs. The transition E; — E; generates a laser beam of red oscilli}U(
wavelength 6328 A. Other possible transitions produce 3.39 pum and 1. 15 pm laser beag yibratior!

ly. These transitions are not shown in Fig. 22.29. gme, a
, m the level E, the neon atoms drop to E, (3s) level spontaneously. E, level is however 4 linear €O’
mle state. Consequently, neon atoms tend to accumulate at E, level. It is necessary that these modes.

. atoms are brought to the ground state E,(2p) quickly; otherwise the number of atoms at the ground molecul
 state will go on diminishing and the laser ceases to function. The only way of bringing the atoms o et
the ground state is through collisions. If the discharge tube is made narrow, the probability of atomic numbe:

collisions with the tube walls increases. Because of frequent collisions with the walls, the neon I
- atoms rapidly drop to the ground level and will be available for excitation once again. |  example
If the diameter of the discharge tube is increased, the probability of collisions of atoms with the e wio
walls decreases and the neon atoms tend to accumulate at energy level E,. In due course of time, the the pure
atoms are no more available at the ground level for further excitation. Therefore the laser ceases to of ener
- operate. He-Ne laser operates in cw mode and is widely used in laboratories as a monochromatic Esics
source. It is also widely used in laser printing, bar code reading, etc. corresp
molecy
'22.14.4 CARBON DIOXIDE LASER Separa

o
“m;h: :13;30611 wg:lsullafs:rrlll: :e;f;i useful and efficient laser. It is a four-level molecular laser and 1 ﬂ‘:;a:no;
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