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Figure 3.17  Diffusion-cooled CO; slab laser: (a) schematic; (b) Rofin DC 025. (Source: Friedrich Bachmann,
Rofin, Hamburg, Germany)

Only pulsed output is possible from a TEA laser, since discharge instabilities are easily produced
in the high pressure gas environment, which degrade the output power. The beam may be TEMyq
or multimode, and is typically several square centimetres in cross-sectional area. By using very short
discharge times, pulses of energy on the order of joules can be produced with a duration in the range
tens of nanoseconds to microseconds. Repetition rates are limited to a few pulses per minute. Mode
locking enables short (nanosecond) pulses of high peak power (1-50 MW) to be produced at a rate of
20-100 Hz.
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wavelength also provides opportunities for photochemical material processing, in addition to the ther-
mal processing mechanisms characteristic of infrared lasers. The short pulse width and high peak
power reduce the heat affected zone in materials. Since the transparency of the plasma is proportional
to 1/A2, where A is the wavelength, plasma shielding is less of a problem than with infrared laser light.

Excimer lasers have a wall plug efficiency of 1-2.5%. The running cost of an excimer laser is high
in comparison with solid state and CO; lasers. The capital cost is also relatively high — from $30 000 to
$200 000 (around $1000 per watt). Excimer lasers initially replaced nitrogen lasers for pumping tune-
able dye lasers for spectroscopic studies, and later competed with Nd:YAG lasers for pumping higher

Figure 3.20  Excimer laser: (a) schematic; (b) Exitech M5000 micromachining tool. (Source: Adrian Baughan,
Exitech Ltd, Oxford, UK)
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Figure 3.22 Diode laser: (a) schematic illustration of a Fabry—Perot double heterojunction semiconductor
structure; (b) Nuvonyx ISL-4000L 4 kW InGaAlAs diode laser head. (Source: Tom Pallett, Nuvonyx Inc., Bridgeton,
MO, USA)

Diode lasers originally found use in low power communications devices. In 1991, commercial diode
lasers cost around $2000 per watt. By 1999 the price had fallen to $100 per watt, because of growing
markets and investment by laser manufacturers. Diode lasers are consequently replacing other light
sources for many medical, graphical and illumination applications.

Diode laser heads are now packaged with beam manipulation optics to give multikilowatt output
for material processing — one is shown in Fig. 3.22b. The relatively short wavelength, scale of power
output, and rapid control over power modulation provide benefits for processing materials. Perform-
ance is better than that obtained from an Nd:YAG laser of comparable power, provided that there
are no particular absorption problems at the wavelength used. The laser head is sufficiently compact
to be mounted directly on an articulated robot. Key benefits for users include compactness, high
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