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lasers. Unquestionably this laser ranks first from the stand point of potential industm
applications.

The active medium is COs gas. As He is used for excitation of Ne atoms &
He—Ne laser, in COs laser for efficient excitation of CO5 molecules No molecu
are used. Addition of He to the gas mixture enhances the efficiency. The ratio
pressures of CO2:Ny:He is 1:4:5, optimum value of pressure—tube diameter prod
is around 33 torr mm.

Excitaticn process

CO, molecules have a more complicated structure and have energy levels that cos
respond to rotating or vibrating motions of the entire molecular structure. The
molecule, composed of two oxygen atoms and a carbon atom between them, unde
goes three different types of vibrational oscillations, as shown in Fig.16.

Oxygen Carbon Oxygcn

s - e Symmetric
modes (V00)
SRR T R 65 2 _@ Bending modes
2 (0v0)
R L Asymmetric
O ey _O-"— e @ modes (00v)

Fio 16 Vihrational modes of the CQ-» molecule.
Simplified energy level diagram for the CO3 laser is given in Fig.17/.

In CO- laser, the excitation is provided by electric discharge. Excited No mole
cules transfer energy to the CO3 molecules in resonant collisions, exciting them to
the (001) levels which are metastable levels with relatively longer life time. With



Nitrogen -— Carbon dioxide ———>

04 -

Energy
(eV)

03

0.2 -
Pumping 100 - 020 ColliSignal

: deactivation (via
£ helium) and radiative

=———decay

it o 010 Collisivaal
deactivation (via
helium) and radiative
decay

P

I

Fig.17 Simplified energy level diagram for the CO; laser. Each vibrational level

has many rotational levels associated with it, J = 1, 2, ... The 10.6,2m line is the
strongest

sufficient pumping, a population is produced between the (001) state and the (100)
and (020) states and laser oscillations begin. The strongest line of the CO» laser is
at a wavelength of 10.6um, in the infrared. A weaker line at 9.4m competes with
e 10.6um line for the available excited molecules. The He increases the laser effi-
<iency at 10.6um by speeding up the transition from the lower laser level of 10.6pm

wiz. the (100) energy level to the ground level, thereby maintaining a large population
mversion.,

Waler in Water out

/// %

B SEE

Laser
beam
1l

AN
N
N\
N

Gas in Gas out

Fig.18 A schematic of a typical CO laser.

CO; lasers are capable of producing very high output powers because of the
1zh efficiency up to about 30%. Since operating in high power infrared region,
cial materials must be used for windows, mirrors and other laser components.
rmanium, gallium arsenide, zinc sulphide, zinc selenide and various alkali halides
used as optical materials. The power output of the CO5 laser is approximately

proportional to the tube length. It is relatively easy to obtain CW outputs of 100 W
from a laser 1 m long. The schematic of a typical low power CO- laser is shown in
Fig.18.

The power supply for a CO2 laser must provide a sufficiently high voltage of the
order of 8 kV per metre to maintain a discharge. CO> lasers, tens of metres long have
been built to get CW output powers ranging to the tens of kilowatts. Two different
configurations are useful in obtaining very high power laser output. They are TEA
COs, laser and Gas dynamic laser.
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