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Multi-index coatings for advanced femtosecond laser components
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Femtosecond lasers, like titanium sapphire, typically generate pulses with a power

density of about 1 J/cm

2

 or above. Refractive optical coatings are used as mirrors,

antireflection coatings or dichroics for frequency multiplying. The long-term laser

durability of these coatings is currently one of the limiting factors.

Advanced optical thin film design is the key to increase laser durability significantly:

either by multi-index or rugate designs, or by optimizing the electric field distribution

within the coating.

Multi-index or gradient/rugate designs offer additional degrees of freedom, and can

simplify or even enable challenging designs. They can also help to increase laser

durability. Such gradient thin film stacks can be designed ab initio without any start- or

index profile approximations by using a new design software developed by Carl Zeiss.

With this software, a rugate omnidirectional AR coating was calculated and

transferred to three different multi-index systems. All three examples were realized

using ion beam sputter technology, and characterized at Laser Zentrum Hannover.

Here we present comparative measurements of the optical performance together with

femtosecond LIDT measurements

The electric field distribution within a thin film stack can be optimized to avoid peak

intensities in critical layers using refractive index engineering and/or layer thickness

grading. Femtosecond laser mirrors were designed and realized at Zeiss and

characterized at Laser Zentrum Hannover. Here we present LIDT measurements of

electric field optimized mirrors, which are almost a factor of three higher compared to

a standard laser mirror.

The authors currently work on further developments and demonstrators. The latest

technology development results will be summarized in this presentation.
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