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Introduction: 
This paper is an analysis of the specifications used for the high quality optics in the National Ignition Facility (NIF) laser system.  The NIF project is comprised of 192 laser beamlines focused into a chamber with a small pellet of deuterium and tritium.  The design is to use the lasers to produce the forces and heat necessary to produce the same fusion as that contained within the sun.  The experiment should produce 100 times more energy than that which went into it.  The final application of this research is to produce a fusion power plant with higher efficiency, less radioactive waste, and higher safety than modern nuclear power plants.  These beams carry around 344 MW each during the pulse, and it is extremely critical to maximize the beam quality to improve coupling into the interface of the chamber.  Therefore, Lawrence Livermore National Labs had to come up with certain, very specific criteria for the lenses to make them both possible to manufacture and have a high enough quality.
Basic Concept:

The predominant methods for specifying surface figure on lenses are Peak to Valley (P-V) and RMS criteria.  These criteria are specified in reflection from the surfaces of the lens, and are measured against a test plate, which is usually a very high quality mirror.  These criteria are fairly easy to test, and work very well for components that do not require extreme precision.  

When components require very high tolerances, the manufacturer will usually make them to the highest quality they can manage, and send the components through a very stringent quality assurance process, rejecting those components that do not meet spec.  In these situations, it becomes cost effective to specify different figures of merit such that the lens will only be held to those criteria which are necessary for the application.  Implementing these new test criteria will usually create a much higher cost in both test time and capital equipment required for testing.  However, in production quantities, this cost is usually made up for by the increased accuracy in the rejection criteria.  For example, if one really does not want coma in a lens being manufactured, one could over specify the RMS wavefront error of the system to assure that the coma criteria is met, or one could implement a coma figure of merit, and require the manufacturer to meet it, while meeting a much more loose RMS wavefront error.  This alteration in specification criteria will reduce the number of lenses rejected that would actually be adequate for the coma sensitive system.  The drawback is that the manufacturer now has to design a system to test for coma, and run an additional coma test on each lens.
NIF Laser Beam Lens Criteria
One of the key criteria that NIF has specified is that, since lenses are used in transmission mode, they should be tested in transmission mode as well.  This way, surfaces are not held individually to unnecessarily strong tolerances, and the acceptance rate goes up.  According to the paper, “a typical transmitted wavefront error call-out … is: λ/8 P-V, λ/40 RMS, λ/30/cm RMS gradient, with these values evaluated for spatial periods > 2mm only.”
These tolerances are the criteria arrived at by the optical designers so that the system as a whole meets its error budget.  The RMS and P-V criteria are fairly standard, and simply assure that the lens is in the right ball-park.  Since beam propagation is what really matters, and this is primarily dependant on the gradient of the wavefront, the NIF group found that the RMS gradient specification had a much stronger correlation to the desired performance.  Since these optics do not transmit spatial frequencies less than 0.5 mm-1 to the main laser chain, and the beam power is sufficiently low to avoid significant non-linear effects, these spatial frequencies can be left out of the calculations.  The only reason for this specification is to increase the acceptance rate of the lenses produces, as it is effectively a loosening of the tolerances.
Needless to say, the a large portion of this paper concerns the specifics of how the RMS is related to the divergence budget, and how to properly apply the spatial filter to the interferogram to perform the proper merit tests.  To summarize, the derived RMS gradient tolerance is:
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Where Ω is the system divergence requirement, which is estimated from the 80% spot size requirement.  Ne is, of course, the number of elements.

The spatial filtering is performed via various interferometer software, but the author notes a dearth of adequate software for their puroposes, and some of it is custom.  This spatial filtering occurs prior to evaluating the figures of merit, and is checked by assuring that this filtration does not produce an increase of any of these criteria.  
In the course of performing these tests, they found that the act of spatial filtration produces a worm-like pattern in the RMS gradient calculation, and that these patterns are real, not part of the interferometer, and not some sort of noise: they are repeatable, and rotate as the lens is rotated.  See “Figure 2” below for this discussion.
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This paper concludes that these new tolerances can be manufactured because many of the lenses that they tested with these criteria were met successfully.  The NIF team uses a modified ISO 10110 notation with a few modifications.  
Conclusion
Sometimes in precision applications, it is necessary to develop one’s own types of tolerances to meet the needs presented.  This paper was an excellent example of how one company adapted some existing techniques, and even created some new analysis methods to provide more accurate specifications to meet the design parameters.  However, due to the non-standard specifications, ISO standard references could not be used in many cases, and additional notes on the drawing had to specify these requirements.
