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TECHNIQUES FOR PREVENTING DAMAGE TO HIGH POWER LASER COMPONENTS 

by 

Irving F. Stowers, Howard G. Patton, Walter A. Jones, and Donald E. Wentworth 
Lawrence Livenuore Laboratory 

Livermore, California 

INTRODUCTION 

The 20-arm and 20 trillion watt Shiva laser system at the Lawrence Livermore Laboratory is near-
ing completion. This high energy solid state (neodymium doped RD-2 glass) system operates at 1.06 pm 
and will be used for laser driven fusion experiments. Each of the 20 individual but identical arms 
consists of two 5 cm rod amplifiers, five disk amplifiers (10-20 cm aperture), five spatial filters, 
and a number of other optical components, containing more than 1600 optical elements. To accomplish 
its laser fusion experimental goals, Shiva will have to be in continuous operatiun until t is up
graded in the early 1980's to a 200 - 300 TW system called Nova. To achieve reliable opt ition, by 
minimizing or negating damage to laser disks, and coated optics, unique techniques have t n developed 
to clean, assemble, and maintain the cleanliness of laser components in such a way as to IT. :imize 
damage to optical surfaces. 

DAMAGE TO OPTICS 

Damage is any alteration of the optical element which causes the beam to be attenuated or 
aberrated. There are three principal damage mechanisms: (1) surface damage to laser disks by flash-
lamp heating of contaminant particles, (2) optical coating damage by the laser beam and (3) attenua
tion due to films on optical surfaces. 

Beth coated and uncoated optics have an intrinsic damage threshold. For coated optics rM 
threshold is approximately 4 J/cro.2 at 125 ps (typical of a laser pulse) and for uncoated laser f: ass 
it is > 1000 J/crâ  at 600 ys (typical of a flashlamp pulse) to avoid damaging polarizers and ant -
reflection coated spatial filter lenses. The fluence of the beam is maintained below U J/cm2. ,e 
uncoated optical surfaces in the disk amplifier are subjected to an additional fluence of 20 J/cr of 
broadband energy from the Xenon flashlamps which pump the disks. Figure 1 shows the internal str 
ture of a 15 cm aperture disk amplifier. The combined fluence of the flashlaraps and the beam caus-s 
inherent inhomogeneities within the glass or contaminants on the glass surface to be rapidly heated 
and in many cases evaporate causing severe damage to the surface. The disk amplifiers are therefore 
the most critical components in the system from a cleanliness point of view. Other coated optics are 
only subjected to U J/rm2 and do not require the same detailed attention to cleanliness. 

An indication of the severity of flashlamp induced dau>age is shown in Figure 2. The 15 cm aper
ture amplifier disk has been severely damaged after more than 500 firings. The beam Is obscured or 
scattered 0.1% by the damage on this single surface; this would result in 5% energy loss (1 kj) if 
allowed to occur on all disk surfaces. 

During the 600 us pulse of the flashlamps, sufficient energy is deposited on all structural sur
faces to melt and vaporize small absorbing organic and inorganic particles not thermally attached to 
a surface. However, other particles may melt or evaporate depending on their degree of attachment to 
the surface. Figure 3 shows the theoretical temperature rise of several types of particles of dif
ferent sizes exposed to progressively more energetic pulses. Any absorbing particle resting on a 
disk surface will either locally melt the glass or thermally stress it during the heating and cooling 
pulse. This repeated stressing causes a fragment of glass to break out and destroy the optical sur
face as shown in Figure 2. Subsequent to fracturing, the glass fragments themselves become additional 
contaminants and cause further damage. This contention is supported by a aignificantly higher 
occurrence of damage to the surfaces of the disks which face upward. That is, debris thrown from 
damage sites on the top surface of the disk would be expected to fall back onto the disk whereas 
debris thrown from the bottom of the disk would fall onto the shield tube. The surfaces of the 
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shield tube damages by a similar mechanism and the debris falls onto tb«= .'. 0KS, causing still further 
damage. It is imperative that all surfaces exposed to flashlarap r&ii<icion be free of loose particles 
which could catalyze damage to an optical surface. 

Optically absorbing films are another form of surface alteration which must be prevented in high 
power laser systems. Films may be uniform monolayers of oil vapors, volatile plasticizers, or general 
atmospheric pollutants. Recently we have identified a contaminant which although appearing as a film 
on a disk was actually composed of 1 \nn crystals very uniformly dispersed on the optical surface at a 
concentration in excess of 107/cm2. The contaminant appears to be the result of water vapor attack of 
the optical surface. Optics covered by heavy films can approach 1% beam absorption per element and 
require that the device be rebuilt to remove the film. This points out the need for clean surfaces to 
be protected from becoming recontaminated by atmospheric pollutants. 

Ample incentive exists for solving the contaminant caused damage problem. To overhaul and re-
polish the disks of a single disk amplifier coses approximately $4,000. Shiva has 100 such amplifiers 
plus hundreds of other less critical optical components. If the maintenance cycle can be extended 
from the current six months on the 2-arm Argus system (approximately 250 shots) to one year, nearly 
1/2 million dollars can be saved. Ultimately, the problem will have to be solved if even larger and 
more rapidly fired laser systems are to be constructed. 

AMPLIFIER ASSEMBLY 

Three Class-100 clean rooms have been built at LLL for the assembly and testing of all laser 
optics for Shiva. The laser room In which the system is being built is also a Class-10,000 clean 
room (less than 10,000 particles/ cubic foot > 0.5 yra). The most critical cleaning is done in a 
3000 ft2 vertical flow, Class-100 clean room. A portion of the clean room is shown in Figure 4. The 
room is equipped with water and solvent distillation systems, a high pressure solvent spray box, a 
large polypropylene sink, an automatic shield tube washing machine, assembly fixtures, and tools 
necessary to build and inspect laser amplifiers. 

During assembly, ''.he disk amplifier components (all 304 stainless steel) are first electropolish-
ed and then chemically polished. Each process removes approximately .013 ram (.0005 in) from the sur
face. This initial preparation was determined by treating freshly machined 304 stainless steel cou
pons with various chemical surface preparation procedures and then exposing the surface to intense 
flashlamp illumination while sealed in nitrogen filled quartz tubes. The surface preparation pro
cedure resulting in the least surface damage to the glass was then selected. After chemical polish
ing, the parts are rinsed with deionized water, dryed with gaseous nitrogen, sealed in a nylon bag, 
and transported to the assembly clean room. 

Surface cleaning and particle removal in the clean room is accomplished by using a high pressure 
Freon TE* solvent spray in a protective glove box. Spray at 6.9 MPa (1000 psi) has been found to re
move in excess of 99.9%, 5 \m and larger particles in a few seconds. This is far in excess of the re
moval efficiency of ultrasonic cleaning which we have measured as being enly 60- 70% efficient for ^ 
5 pm diameter particles. Figure 5 shows the spray box being used to clean an amplifier weldment. 
After spraying, the solvent is recycled through a distillation system to maintain the highest possible 
level of cleanliness. 

Surface cleanliness is verified by collecting the solvent effluent from the spray box and pass
ing it through a membrane filter as it leaves the box. The filter is examined microscopically and a 
statistical sample of the particles is counted. From this, the total particles removed per unit area 
is calculated. Currently, a component is acceptable when the contaminant level of the effluent is 
less than 2 ^articles/cm^ > 5 Ĵ H. 

Optical surfaces are manually cleaned with electronic grade acetone and ethanol using lens 
ti'ssue. This rather archaic method is still used because it works very effectively even though it is 
somewhat time consuming. Optical surfaces reveal films left by dissolved contaminants quite readily 
whereas metallic surfaces do not. Therefore, optics are not being spray cleaned at this time. Every 
shipment of lens tissue is tested for dissolved contaminants as these can readily leave streaks on 
the glass. The cleaning sequence is shown in Figure 6. 
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After cleaning, the parts are assembled on a specially designed fixture which allows free air 
circulation in the vertical flow clean room. The cldan disks are inserted and given a final inspec
tion using a high intensity light and a vacuum probe as shown in Figure 6. The high intensity light 
readily reveals even 10 jjm particles on optical surfaces and the vacuum probe is used to lift them 
off. The disks are then enclosed by a quartz shield tube which is covered by flashlamp enclosures. 

The assembled amplifier is placed in an interferometer where it is tested for wavefront distor
tion. Figure 7 shows a typical interferogram taken of the Beta amplifier. The total distortion from 
six disks averages A/10 at 1.06 urn. The amplifier is also tested using a polariscope for strain 
birefringence and the acceptable values are less than 10 degreed phase retardation at 1.06 urn. 

After optical testing, the amplifier is transported to the laser space frame where it is mount
ed into place and optically aligned, Figure 8. Because the alignment requires that the amplifier be 
open, the laser room is a vertical flow clean room that maintains less than 1000 particles/cubic foot 
during construction. When fired, the amplifiers are interconnected by beam tubes which prevent air
borne contaminants from getting inside the amplifier. The beam tubes and the amplifiers are con
tinuously flushed with membrane filtered gaseous nitrogen derived from liquid boil-off. The nitrogen 
keeps the optical components clean and dry and serves to cool the laser disks and flashlamps. Ex
treme levels of contamination free surfaces would not be possible, even in a clean room, if the optics 
were exposed to humid room air. 

MAINTAINING CLEANLINESS 

Once every effort has been made to obtain a clean surface, the surface must be maintained clean 
for periods exceeding a year. All potential sources of contaminants must be designed out of the sys
tem and the atmosphere which comes in contact with the optics must be extremely clean. Because of 
their very high surface to mass ratio, very small airborne particles settle slowly, though pre
dictably- One micrometer particles, for instance, settle at less than 100 um per second. From 
a knowledge of the typical airborne size distribution of particles, the surface accumulation rate can 
be determined. Figure 9 shows the settling rate of 5 urn spherical particles in air and in the solvent 
Freon TE. If less than 10 particles/cm^ is to be maintained for a period of a year, then less than 
one particle/1000 litres of air is allowed. This is an extremely low airborne concentration even in a 
Class-100 clean room. 

Many potential sources of contaminants exist during assembly. All forms of touching or surface 
to surface contact must be minimized. Clean surfaces can be grossly recontarainated if they are 
Couched by a bare hand or even a glove covered hand if the glove has come into contact with some other 
contaminated surface. Every effort has been made to minimize the amount of touching that is required 
to build an amplifier. This has been done mainly by reducing the number of components that have to be 
assembled. The main disk support structure is fabricated and welded into a single unit with all 
fasteners designed to be external to the amplifier. The only sliding action occurring during assembly 
is when small spring clips are attached to hold the disks in place. Previous designs which were 
screwed together with 0-80 screws generated thousands of metallic particles which subsequently fell 
onto the disk surface. 

Cleanliness is not something obtained by having a Class-100 clean room. It is only obtained by 
thoughtful design that eliminates contaminant sources, sophisticated cleaning equipment that removes 
contaminants that are present on surfaces, and conscious effort to prevent recontamination of the 
surfaces throughout the component's lifetime. 

CONCLUSIONS 

The understanding of damage morphology, the cleaning techniques, and clean room equipment de
scribed in this report coupled with improved disk amplifier design* have greatly extended the useful 
life of solid state laser amplifiers at this Laboratory. 

Continuing research and development is being conducted to seek methods to improve these ampli
fiers and other components. Consideration is being given to improved materials, fabrication tech
niques, assembly equipment, lasing materials, and cleaning methods. An effective method for cleaning 

* Shiva Disk Amplifier design directed by William S. Neef, Jr., Project Engineer, Lawrence 
Livermore Laboratory. 
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glasB without having to individually handle each item is being investigated. 

The life of a disk amplifier has been extended from less than 50 shots to 500 shots through 
attention to design and clean room technology. We expect the lifetime to be extended to 2000 shots 
in the next generation of disk amplifiers. 
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FIGURE 1: A 15 cm aperture disk amplifier opened to show the Xenon flashlamps, 
quartz shield tube encircling the laser cavity, and four ellipitical 
Nd doped laser disks positioned at Brewsters angle. 



FIGURE 2: A severely damaged 15 cm aperture neodymium disk after more than 
500 soots. A disk of this size has an initial cost of $5,700 and 

v can be repolished for $600. 
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FIGURE 3: Theoretical temperature rise of totally absorbing spherical particles 
due to the pulsed illumination energy incident upon it. For a 
Elashlamp energy of > 10 J/cm2 all particles smaller than 3 ym are 
evaporated while larger particles are either melted or only partially 
heated depending on their size. 



FIGURE 4: Class-100 vertical flow clean room used for assembly and inspection 
laser components requiring the highest standards of cleanliness. 
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FIGURE 6: Optical cleaning sequence showing scrubbing with a lens tissue 
wrapped in a cotton ball, dragging a moist tissue across the disk 
surface, inspecting with a high intensity light, and removing large 
lint with a vacuum probe. 
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FIGURE 8: Disk amplifier being installed into position on the Shiva space 
frame. The laser room itself is a vertical flow clean room to 
maintain optical cleanliness during installation and alignment. 
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FIGURE 9- The settling rate of airborne or liquid suspended particles can 
be related to the surface accumulation rate. The chart can be 
used to predict surface contaminant levels after exposure to 
known airborne contaminant levels. 


