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Optical Components for the Nova Laser 
In addition to its other characteristics, the Nova Laser F ;ion 

facility may well be the largest precision optical project evei 
undertaken. Moreover, during the course of construction, concurrent 
research and development has been successfully conducted, and has 
resulted in significant advances in various technical areas, incl :ding 
manufacturing efficiency. Although assembly of the first two beats of 
Nova is just commencing, the optical production, including construction 
of the special facilities required for many of the components, has been 
underway for over three years, and many phases of the optical 
manufacturing program for the first 10 beams will be completed witfr'n the 
next two years. On the other hand, new requirements for second and :!iird 
harmonic generation have created the need to initiate new research a. d 
development. This work has been accomplished through the enormous 
cooperation DOE/LLNL has received from commercial industry on this 
project. In many cases, industry, where much of the optical component 
research and development and virtually all of the manufacturing is being 
done, has made substantial investment of its own funds in facilities, 
equipment, and research and development, in addition to those supplied by 
DOE/LLNL. 

Some statistics illustrating the massiveness of the project are as 
follows: 

OPTICS FOR THE NOW LASER (20 8EAMS) 
2000 major optical components 
4000 liters of laser glass 
2000 liters of fused silica 
20,000 liters of borosilicate glass 
300 liters of crystals 
400 m? of optical quality surfaces 
200 ra' of optical thin film coating 
1.1 meter maximum diameter 
380 Kg maximum weight 
3 x 10' W/cm? at 1 nsec average 
fluence 

0.06 micron average optical surface 
accuracy 

*Work performed under the auspices of the U.S. Department of Energy by the 
Lawrence Livermore National Laboratory under Contract No. W-7405-ENG-48. 

'™ r m «Kvmn is mm 
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In terms of optical components, for example, the 20 beam laser 
contains 98 mirrors between 0.8 and 1.1 m diameter with front surface 
accuracies of better than A/12 at 633 nm wavelength. (This is flatness 
to within 2 micro inches). 

Basically the technologies for the Nova Optics divide into 1) 
material, 2) optical surfacing and figuring, and 3) coating, including 
thin film evaporated coating and newly developed techniques for producing 
integral anti-reflection coatings. 

The optical technologies involved are shown in the following chart: 

NOVA OPTICS TECHNOLOGY TREE 
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Fig. 1 - Technology flow used for Nova Optics 

I. Advances in Material Technology 
Many of the major challenges and achievements in the materials area 

have been the scale-up of previous technologies, in some cases by as much 
as an order of magnitude; in other instances, essentially new technology 
is involved. 
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Phosphate laser glass of the type being used for Nova was developed 
for and has been used fn recent years by the University of Rochester, 
Osaka University and others, but with the largest disks about 2 liters in 
volume and surface dimensions of approximately 2D x 40 cm; most of the 
laser glass in Nova, however, resides in disks about 30 x 60 cm having 
volumes on the order of 8 liters which must be manufactured the same 
precision specifications. The disks also require edge cladding to avoid 
spontaneous depumping by parasitic modes. The glass companies have 
developed highly damage resistant monolithic claddings. After the laser 
glass is poured and cooled down in an initial annealing process, the 
glass is selected and ground to nearly its final shape. After this, an 
absorbing cladding is poured around the edge of the disks and the 
composite structure is then fine annealed. Basically the cladding is 
laser glass which has been copper-doped to strongly absorb the 1053 nm 
radiation. The doped material composition has to be adjusted so that it 
precisely matches two of the characteristics of the undoped glass: index 
of refraction, to avoid reflection at the glass/cladding surface; and 
coefficient of thermal expansion over the full temperature range required 
by the annealing process, to avoid residual stress in the glass, making 
it unacceptable for use in the laser. These large discs when finished 
require in optical homogeneity within \/6 at 633 nm wavelength and a 
stress birefringence within 0.5 nm per cm. Hoya Optics U.S.A., in 
Fremont, California and Schott Optical Glass in Duryea, Pennsylanvia are 
the major manufacturers for the laser glass for Nova. (Kigre Corporation, 
Toledo, Ohio will also be manufacturing some of the smaller disks). 

Advances made in recent years by Schott Optical Glass in the 
manufacturing of massive melts of boro-silicate glass (BK-7) have played 
a significant role in making Nova a cost-effective laser. As mentioned 
above, there are 98 massive mirrors in the system, some of which have 
very high-homogeneity because of transmission requirements for 
diagnostics. In addition, there are 2 BK-7 lens blanks on every chain 
having a clear aperture of 77 cm: the output spatial filter lens and the 
diagnostic objective. In addition are all the smaller lenses and various 
other substrates. The BK-7 glass for the first 10 beams is al' poured 
and many of the components are already complete. All of this material 
came from one large continuous melt. 
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Fig. 2 taken at Schott in Duryea, Pennsylvania shows several of the 
large mirror blanks in their pre-finished stage. 

Fig. 2 - Borosilicate glass blanks for Nova Turn Mirrors, Schott Optical. 

One of the more remarkable achievements has been the size of the 
solution grown crystal KDP (Potasium Dihydrogen Phosphate). Up to about 
7 years ago the biggest crystals of KDP and KD*P (which is a somewhat 
slower growing deuterated form) were about 2.5 cm in diameter. For the 
Shiva laser, LLNL required the development of 5 cm KD*P for Pockels cells 
and later began the development of 10 cm material for the same purpose. 
Subsequently the frequency doubling requirements arose and we began to 
work with the manufacturers to increase crystal boule size and to 
determine optimum potential sizes for crystal arrays for the 74 cm output 
apertures of the laser. It was decided to start off with 15-cm square 
crystals in a 5 x 5 array for the first 1 or 2 beams and to proceed from 
there with 3 x 3 arrays using 27-cm crystals. We have received and are 
currently finishing the first batch of 15-cm crystals and the first boule 
large enough to obtain our first 27-cm crystals has just been harvested. 
The companies working on KDP crystal growth for Nova are: Cleveland 
Crystals, Inc., in Cleveland, Ohio, Interactive Radiation, in Northvale, 
New Jersey, and Lasermetrics, Englewood, New Jersey. Because the current 
manufacturing techniques grow crystals very slowly (roughly 1 mm/day), 
which is both a risk and cost liability. LLNL, in conjunction with North 
American Philips Laboratories, BriarCliff Manor, New York, is developing 
another growth technique which has the potential of increasing the 
crystal growth rate by a factor of 2 to 4. The current technique depends 
on maintaining a saturated solution by very slowly dropping the 
temperature over an extended period of time. The alternative technique 
keeps recharging the growth solution which is held at a constant 
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temperature. Our plan is to integrate this new technology into the Nova 
KDP production program as soon as the feasibility is demonstrated for 
large homogeneous crystals. 

Fig. 3 is a picture of a recently harvested boule at Cleveland 
Crystals; next to it is the largest crystal they made prior to LLNL's 
interest in the material. Fig. 4 is an interferogram made through one of 
Cleveland's 15-cm aperture crystals. 
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Fig. 3 - First boule of 27-cm KDP for Nova, Cleveland Crystals. 

Fig. 4 - Interferogram (double pass at 633 ran) through 2-cra thick, 15-cm 
aperture KDP crystal, Cleveland Crystals 

Another area of current development is in massive, high-homogeneity, 
fused silica for the output windows of the crystal array and the 
focussing lens doublet. I t appears that fused silica is the only material 
able to perform well at high energies at the third harmonic wavelength of 
350 ran. For this reason, we are working with Corning Glass at their 
plant in Canton, New York and with Hereaus-Amersil in Hanau, Germany in 
order to establish acceptable quality levels and determine production 
parameters for the fused silica components. 

I I . Advances in Optical Fabrication 

In order to fabricate the numerous high-precision optical components 
for the Nova laser within reasonable cost and schedule, i t was necessary 
to do a great deal of planning and faci l i ty construction with the 
finishing companies. From an optical manufacturing point-of-view, there 
are three basic types of surfaces: 1) lenses (both spherical and 
aspherical) 2) f lat optics and 3) the KDP crystals, which, although f lat 
have very special alignment requirements and are being finished by single 
point diamond-turning. 

Each Nova beam contains several lenses, the largest of which are the 
80 cm diameter spatial f i l te r , focussing, and diagnostic objective 
lenses. The spatial f i l ter lenses, with diameter to focal length ratios 
of about 20, have asphericities of a few microns which are figured into 
spherically polished surfaces. 
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or spatial filter lens, Tmsley Laboratories over 77 cm clear aperture 
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The aspheric focussing lens is a doublet with three spherical 
surfaces and one aspheric surface of about 50 micron deviation from the 
best fit sphere; the diagnostic objective, a single component f/2 lens 
has an aspheric surface which has a 1 mm deviation from the best-fit 
sphere. 

For steep aspherics such as these, the modern method is to generate 
precisely the aspheric into the surface prior to polishing using 
numerically controlled machines; the polishing is then done with the aid 
of driven flexible laps, also controlled numerically, using 
interferometric data as feedback. The steep aspherics are being 
manufactured by Tinsley Laboratories, Berkeley, California and 
Eastman-Kodak, Rochester, New York, both of whom have built special 
machines for the Nova project. Perkin-Elmer Corporator Norwalk, 
Connecticut is manufacturing the spatial filter lenses through the 50 cm 
size. 

The large flat glass surfaces are being polished by what are known as 
continuous polishing machines characterized by very rigid tables to hold 
the pitch flat to optical tolerances, very stringent thermal control of 
both the slurry and the surrounding air, and large truing tools to adjust 
the shape of the lap. The lap is an annular ring, with the width of the 
annulus about 1/3 of the diameter; for this reason the lap must be at 
least 3 times as large in diameter as the largest piece to be finished. 
No machines of the size and quality required were available at the 
beginning of the Nova project. Two manufacturers, Zygo Corporation in 
Middlefield, Connecticut, and Eastman-Kodak were selected on the basis of 
experience in the field and competitive pricing to build machines capable 
of doing the large flat optics. These machines are now in operation 
producing Nova parts. Flat lapping produces parts at approximately 1/3 
the cost of more traditional methods. It is also necessary when 
manufacturing precision optics to have adequate test equipment. Each one 
of these large machines has associated with it an 80 cm aperture Fizeau 
interferometer for the frequent parts checking required during the 
manufacturing process. These interferometers are located adjacent to the 
machines and kept at the same temperature. Fig. 7 shows the 12 foot 
diameter machine at Zygo Corporation. 
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Fig. 7 - Twelve foot diameter flat lapping machine at Zygo Corporati on. 
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Fig. 8 shows the interferometer which is used with i t . 

Fig. 8 - 80 cm dia. interferometer at Zygo Corporation. 

Fig. 9 is a picture of the 15 foot diameter Kodak machine. 

Fig. 9 - Fifteen foot diameter f l a t lapping machine at Eastman-Kodak 
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One of the newer technologies used in optical fabrication is 
single-point diamond-turning. Such technology can be very effectively 
used on metal mirrors of certain types and on plastics, but most glasses 
do not machine well. KDP, however, is much softer than glass. 
Experiments at LLNL determined that diamond-turning was a feasible 
approach to the machining of this material. One of the reasons the 
diamond-turning is so attractive for this purpose is that the KDP 
surfaces must be precisely oriented to the internal crystal structure so 
that the optimum phase match angle for each crystal is obtained when the 
crystals are assembled in a co-planer array. Another requirement for the 
array is to maintain very tight thickness control. Both of these 
requirements make diamond-turning of KDP much more efficient than would 
be the case if they were to be polished conventionally. The KDP 
diamond-turning technology developed at Livermore has proved to be so 
effective that the crystal vendors are building diamond-turning machines 
for the prefim'shing of the crystals, a less accurate requirement, but 
one to which diamond-turning lends itself very effectively. Currently 
the final diamond-turning is being done at Livermore, but it is our 
expectation that one or more commercial vendors will participate as the 
production accelerates. 

III. Coating 
There are three basic kinds of coatings for the optical components. 

These are anti-reflection films on the air glass surfaces of such 
transmitting elements as spatial filter lenses, crystal array windows, 
and focus lenses, 2) polarizing filter coatings which are used in 
conjunction with Pockels cells and rotator glass to isolate various 
stages of the chain and 3) high-reflection coatings. 

In order to do the job properly the coatings must be deposited with 
thickness control and uniformity comparable to the tolerances required 
for the wavefronts of the parts. This requires elaborately instrumented 
large high vacuum coating systems and an array of monitoring equipment to 
control the process. LLNL has had built two high technology chambers 
capable of handling the massive optics. Fig, 10 shows the 96" x 114" 
chamber at Spectra Physics, Mountain View, California and Fig. 11 shows 
the 120" diameter tank at Optical Coating Laboratories in Santa Rosa, 
California. The tank at Optical Coating Laboratories is capable of 
coating 4 of the large turn mirrors at one time. 



Fig. 11 - Large coating chamber at Spectra Physics. 

Fig. 11 - Large coating chamber at Optical Coating Laboratories. 

Although these chambers are capable of a l l three types of coatings, 
one of the continuing problems in bunding large high energy lasers has 
been the damage threshold of anti-reflection coatings where the full 
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strer.gth of the beam must propagate through the coating and the interface 
of the coating/glass surface. In order to find ways to increase damage 
thresholds of AR coatings the research group in the laser program began a 
number of years ago to search for alternatives. One possibility was that 
offered by leaching the surface of a phase separated glass thereby 
producing effectively a gradient index which removed the Fresnel 
reflection. This techology was first introduced by Corning Glass to 
increase the efficiency of solar cell windows. With the participation of 
Corning, Owens-Illinois, Hoya, and Schott, we developed high quality 
glasses capable of meeting the stringent optical requirements while still 
permitting leaching of the surfaces. As a possible alternative solution, 
Schott extended earlier technology to treat the surfaces of ordinary 
borosilicate glass so an anti-reflection surface would be produced. Both 
approaches have succeeded well, and we plan to use them in the laser. 
This is an especially important advance for the input spatial filter 
lenses where the flux is so high that traditional anti-reflection 
coatings can not be used. Now we expect to be able to use coatings in 
lieu of bare surfaces with a significant gain in lase,- efficiency. 

Among the problems remaining is the development of an anti-reflection 
coating for the fused silica output array window and the focus lenses. 
In the next two years we will be working with industry to develop a 
glassy material which can be applied to the outside of the finished fused 
silica optical components and then chemically treated to produce an 
integral anti-reflection surface. 

Conclusion 
In solving the engineering problems of manufacturing the optics for 

the Nova laser, LLNL a./\ industry in cooperation are continuing to 
develop technology and facilities which significantly enhance precision 
optical capability in the United States. 
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