





(] THE COMPANY

RP Photonics Consulting
Zurich, Switzerland

RP Photonics Consulting offers technical
consulting in the areas of laser technolo-
gy, nonlinear optics, and fiber optics. The
services include product designs, problem
solving, calculations and simulations, soft-
ware development, independent com-
parison of products or technologies, and
in-house staff training.

www.rp-photonics.com

suitable software, one can identify the contri-
butions of the tilts of all resonator mirrors and
of thermal deflections on the beam position
at that focus. It is also possible to calculate an
overall figure of merit for the stability for a
given design of laser resonator and external
optics, and to numerically optimize the whole
design for minimum beam pointing effects.
Of course, this can involve trade-offs with
other desirable properties, such as the beam
quality, as discussed in the next paragraph.

Most Difficult to Optimize:
High-power Lasers

For high-power lasers, beam pointing fluc-
tuations are most difficult to minimize. The-
re are essentially two reasons for that. The
first one is that thermal effects tend to be
strong in such lasers, and the often not very
symmetric pump beam shapes make the
problem even more severe. Note that the
use of high-power laser diodes as pump
sources introduces more difficult challenges
for shaping the pump beam, compared
with the simpler situation for low-power
end-pumped lasers.

The second reason is that resonators
with larger mode areas are generally more
alignment-sensitive. Unfortunately, large
mode areas are normally required for high-
power lasers, particularly when a high beam
quality is needed: the pumped area in the
laser crystal tends to be large, and the lar-
ger the ratio of the diameters of the pum-
ped region and the fundamental resonator
mode, the more higher-order modes (with
poor beam quality) will oscillate. Therefore,
we are forced to use resonator designs with
large mode areas, and these turn out to
be generally more alignment-sensitive. This
leads to a well-known trade-off between
high beam quality and low alignment sensi-
tivity, and the latter also influences the
beam pointing fluctuations.
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Obviously, it is important to understand
precisely these issues when designing ro-
bust high-power lasers for industrial use. A
pure trial-and-error approach, possibly fo-
cusing on an improved mechanical setup
only while thermal effects in the gain medi-
um are the actual problem, can easily lead
to time-consuming and expensive failing
attempts.

Conclusions

We have seen that beam pointing fluctua-
tions can result from mirror vibrations and
from thermal effects, and that both can be
considered as a dynamical kind of resonator
misalignment. The beam offset and angular
fluctuations resulting from given fluctua-
tions of mirror positions can be calculated
with suitable software, which can also be
used to optimize whole systems with res-
pect to beam pointing effects. Clearly, mini-
mizing such effects is not just a matter of a
stable mechanical setup, but involves other
aspects such as the resonator design and
properties of the laser's pump beam. The
external optics used between the laser and
the application can also have an important

influence.
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512 to 12 000 pixels, monochrome and color
CCD line scan cameras with modular interface concept
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USB 2.0
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Laser Line-, Micro Focus- and
Laser Pattern Generators
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Wavelength 635 — 980 nm (optional 405 nm
and 1550 nm) ¢ Line width > 0.008nm

¢ Laser lines with homogeneous intensity
distribution and constant line width
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