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University of California
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ABSTRACT

The LASL 10 kJ Eight-Beam CO2 Laser Fusion System, currently
under construction, has approximately one hundred optical elements
per beam. The ncminal system is diffraction limited and degradations
in performance are primarily caused by imperfect components as well
as alignment errors. Conseguently, analysis and ﬁredictions for the
system.are Qery much dependent on the proper descriptién of the
imperfect components.

The approach taken at LASL has been to characterize the components
iﬁterferometrically. Briefly, interferograms of the various components
are made at the 633 nm He-Ne wavelength. 'These are digitized, after
visual examination, at appronriate sampling poiﬁgs along the fringes. The
interactive semi-automatic computer program1 developed at LASL 1s used to
verify and 1f necessary correct the digitization. The correct digitization
data is nmext input to the computer prograﬁ FRINGE 22 and this program is
uscd to .generate, ameng other data, Zernicke polynomial coefficients at
10.6 microns for the wave front. The 36 Zernicke coefficients characterize
the 0.7.D. (optical path difference) at each manufactured surface ‘and these
are accepted by the diffru:tion propagafion computler program LO’l‘S3 and the
lascr beam is thus propagatcd through the e¢ntire syétcm and various param=-
eters of interest such as Strehl ratio, intensity and encircled cnergy
distributions are computed at stations’ of interest throughout the system,
;fﬁz;ﬁ—Fero:mcd'undcr the auspices of the U, S, Department of Eﬁergy.
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An example of this procedure using an actual interferograem of a

manufactured componcent will be presented and the various limitations

will be discussed.

Analysis of the total sysiem, based on expected component

quality, has shown that spatial filters are very effective in removing

aberrations and that only components after the final spatial filter

. are crucial to achieving near diffraction limited performance.4 Further

, . .
analysis of these componentsJ has already shown the need to improve the

optical quality of the large sixteen-inch diameter salt windows in the

system.

The approach of interferometrically defining and charactérizing

the various manufactured optical components appears to be a powerful

tool in the analysis and optimization of the optical parameters in the

laser fusion system. Detailed results of the analysis {or one complete

leg of the Eight-Beam System will be presented.

5.
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INTERFEROGRAM REDUCTION AND INTERPRETATION AS APPLIED
TO THE OPTICAL ANALYSIS OF THE 10 KJ LASL LASER FUSION SYSTEM*
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The LASL 10 kJ Eight-Beam CO2 Laser Fusion System, currently
nearing completion, has approximately one hundred optical elements
per beam. Figure 1 shows the layout of the system. Each of the
eight beams is expected to deliver 1.25 kJ witlin a nanosecond
pulse.

The nominal system is diffraction limited and the degradations
in performance are a c&ﬁsequence of imperfect components, alignment
errors, etc. llence, the analysis and predictions as well as
attempts to optimize optical performance of the system are very much
dependent on the proper description of the imperfect components.

The approacl taken at LASL has been to characterize the com-
ponents interferometrically. To describe the procedure briefly,
Flzeau or Twyman-Green type interferograms of the co:iponents are
made ;t 633 nm wavelength. These are digitized using one of two
methods (to be described later). Zernike polynomial cocfficients at
10.6 microns are gencrated and used to characterize the 0.P.D.
(optical path diffcrence) at each manufactured surface. The wave
froné is propapgated throcugh the entire system, taking diffraction and
0.P.D. modifications introduccd at cach component into account and
;wa;i_gzrformed under the auspices of the U. S. Department of Energy.
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k**(Opticai Sclences Center, University of Arizona



various parameters of interest such a; Strehl ratio, intensity and
encircled energy distributions, amplitude and phase of the wave
front are computed and displayed as desired.

Thg first method for digitizing the interferogram (either positive
or nega;ive) consists of processing the interferogram with a scanning
display microdensitometer. The output is then '"cleaned" and stored
in a photostore file (which is a 512x512 matrix).

The computer program C.D.F.L.1 which uses merger criteria in the
x and y qirections (for points to be considered to lie on the same
fringe) prints the fringe pattern with all minima as shown in Figure 2.
Next, the pattern 1is refined further to that shown in Tigure 3 and
operator intervention removes the discontinuilties and ensures the
correct ordering of the fringes as shown in Figure 4. These fringes
are automatically digitized by proper sampling. The reduction described
here is that of a noisy and marginal interfgrogram. If one traces over
the negative with a Leroy 'O' pen, the proress actually works better and
is considerably faster and very little operator intervention is necessary.

The second method is straightforward and consists of using a 4953
Graphics Tablet in conjunction with a Tektronix 4015 terminal; the
samp;ed coordinates are directly stored in a file. Figure 5 shows a
typical interferogram reduction using this method.

Actually, we had used a third method before we received the Graphics
Tablet. This consisted of scotch-taping the interferogram film onto the
_face of the Tektronix terminal and then using the terminal cross hairs
for the digitization process. Obvicusly, this is less accurate than using

the tablet because of parallax errors, etc.



The first method is the most accurate and has the virtues of
being compatible with automation as well as with several internal
checks for possible errors. The second method is, howéver, easier to
implement in practice (at ieast at LASL) and, as the original interfecro-
grams were taken at .633 microns and the results are desired at 10.6
microns, it is accurate enough and will not introduce errors in the repre-
sentation of manufactured elements. It does suffe. from the drawback
that the operator has to make sure himself that no errors were intro-
duced in sampling the pcints along thc fringes.

The next stage consists of automatically transferring the data
to the computer program FRINGE2 and correctly orienting the element
as well as ensuring the proper sign of the 0.P.D. While we can
access any of two versic , of FRINGE available at LASL, and the pro-
gram itself has a truly varied array of -analysis outputs, the interest
here is to fit the data to Zernike polynomials as closely as possible,
and to get the Zernike coefficients at 10.6 microns as punched card
output. TFigure 6 shows a typical printed output. At present, a file
ABR (which corsists of the Zernike coefficients data for all the elements
as they occur sequentizlly in the system) is created, but eventually we
hope to make this process automatilc.

The Diffraction Propagation Program LOTS3 propagates the laser
beam throuzh the entire system, (using the Zcrnike polinomial coefficients
to represent the manufactured surface); 1t allows for encrgy varilations
from saturating gain and loss intentioﬁally placed in the optical path.
Various parameters of interest such &35 Strehl ratio, intensity, encircled
energy distributions, amplitude and phase are computed and displayed at
stations of interest. Figure 7 shows the output at the target plane for

one of the legs of the Eight Beam Systom.



Analysis of the total system, based on expected component
quality, has shown that spatlal filters of proper size_are very
effective in removing many troublesome aberrations and that only
components after the final spatial filter are crucial to achieving
near diffraction limited performance.4 Further analysis of these
components5 has already shown the need to improve the optical
quality of the large sixteen inch diameter salt windows in the
system. Figure B shows the system performance in termslof Strehl
ratio for one leg of the Eight Ream System based on compliance of
mounted optical components, as well as the expected performance
basad on interferOgram-reduction of the actual manufactured com-
ponents.occurring after the final spatial filter in the system.

In conclusion, the-approach of interferometrically defining
ard characterizing the various manufacturcd optical couwponents
appears to be a powerful tool in the analysis and optimization of
the optical_parameters in the laser fusion system. This technique
could be used as an optical design, analysis, and assembly approach
to these novel, and complex systems which appear to defy conventional
approaches to optical systems design, optimization and anszlysis.
References
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