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ABSTRACT 

Particulate contamination in disk amplifiers with high flashlamp fluxes 
(which can generate particles) causes three types of laser beam obscuration, 
which cause small-scale self-focusing. We describe methods for obtain og disk 
Amnllflnrt that Staw rlAan. 
Wh.... ._ 
amplifiers that stay clean 
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Summary 
The disk amplifiers that have been used in LLL's 

CYCLOPS and JANUS systems have generally prrformed 
well and according to the design expectations; 
particulate contamination and its effects presented 
unexpectedly severe problems, however. While 
conventional cleanliness measures were taken, we find 
that extremely stringent measures are required. 

A major system design constraint Is maximization 
of focusable peak power per dollar. This yields disk 
amplifiers that have high Internal radiation densities 
(to % 20 J/cnr) from the flashlamps. This flashlamp 
radiation Interacts with particulates (some of which 
it produces) to form up to three types of opaque spot 
that Introduce diffraction rings into the laser beam. 
The energy in these rings is not useable, at best, and 
cause* extensive component damage, at 
worst. 

The particles that cause evanescent opacities 
can be eliminated by using appropriate clean rooms 
and associated techniques during assembly. Most of 
the particles that cause permanent opacities can be 
eliminated by eliminating rubbing, such as occurs 
during mating of threaded parts. However, metal 
surfaces that have not been polished or super-finished 
have particles more-or-less loosely attached to them, 
that can be detached from the parent metal and 
transferred to the disk surfaces as a result of 
firing the flasnlamps, but that are very difficult 
*.o eliminate completely by conventional mechanical or 
chemical techniques of relatively moderate cost. We 
have achieved the best results with 304 steinless steel 
that, after pert fabrication, is buffed, then 
electropolished, then chemically polished. 

Figure I. Beam Downstream of Obscuration 
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In t roduc t ion 

The physics o f h iqh-br ightness glass laser systems, 
such as are required f o r laser- induced fus ion work, 
leads d i r e c t l y to d isk amp l i f i e rs that have high 
i n te rna l r a d i a t i v e energy densi t ies from the f lashlamps. 

The flashlamp spectra l i n t e n s i t y peaks near 450 nm 
and extends from % 200 nm (depending on the mater ia l 
used f o r the f lashlamp envelope) to •v 2 \nt\. The 
flashlamp r a d i a t i o n i n te rac t s w i t h pa r t i cu la tes 1n the 
clear aperture of the a m p l i f i e r to form as many as 
three d i f f e r e n t types o f opaque spot , which Introduce 
d i f f r a c t i o n r ings i n t o the laser beam (F ig . 1 ) . 

The least troublesome type o f opaci ty we have 
ca l l ed a "plasmoid" (although we do not know that i t i s 
h igh ly ion ized) . This resu l t s when a p a r t i c l e 
(presumably organic) i s exploded by the f lashlamp 
r a d i a t i o n . The resu l tan t cloud i s opaque to the laser 
beam on tha t sho t , but succeeding shots are not 
obscured unless the o r i g i n a l p a r t i c l e was c lose enough 
t o a disk surface f o r the plasmoid to cause some 
surface damage. Even in t h i s case, the surface p i t i s 
much smaller than the plasmoid. The second type o f 
opac i ty i s a metal p a r t i c l e surrounded by a metal halo 
on a disk surface (F i g . 2 ) . The most damaging type o f 
opac i ty is a f r ac tu re 2one caused by a metal p a r t i c l e 
on a d isk surface (F ig . 3 ) ; whereas the f i r s t two 
types o f opac i ty can be eas i l y pol ished o f f the d isk 
sur face, t h i s t h i r d type requires gr ind ing as w e l l . 
The t h i r d type o f opac i ty w i l l a lso have a metal halo 
around the p a r t i c l e , except i n the case o f r e f r a c t o r y 
metals l i k e molybdenum. Plasmoids, haloes, and 
f rac tu res t y p i c a l l y have diameters o f % 2 mu; the metal 
p a r t i c l e s and plasmoid-caused surface p i t s t y p i c a l l y 
nave diameters o f ^ 200 vm. 

Figure I I . Haloed Aluminum P a r t i c l e on ED-2 Disk 



Figure 111. Haloed Aluminum Particled on ED-2 
Disk and Resulting Fracture 

Figure IV. Design Concept for a Sealed-Optical-
Assembly Amplifier 

It is clear from the above that the amplifier 
design and materials must he such as to (1) permit 
proper cleaning of parts, iubassemblies, and/or 
assemblies; (2) permit clean assembly; and (3) permit 
thorough postassembly inspection for cleanliness, Tn 
addition, the disks must be contained in a sealed 
subassembly (Fig. fl) when not in a clean 
environment. 

Particles that cause plasmoids can be eliminated 
by assembling the sealed optical subassemblies in a 
clean room, using cleaning, clean-assembly, and 
inspection procedures that are well known in the 
aerospace, semiconductor, and precision-instrument 
industries. Of course, correct design can make such 
procedures considerably easier and better. 

Correct design, correct materials selection, and 
correct materials processing are crucial to the 
elimination of metal particles. The major source of 
such particles in conventional designs is rubbing 
during assembly, especially the rubbing of mating 
threaded parts. By the exercise of some ingenuity, 
threaded parts can be designed out, and rubbing can 
be almost eliminated. The number and size of particles 

generated by unavoidable rubbing can be kept down 
by keeping surface roughness well below 100 micro-
inches {centerline average), by paying attention to 
the orientation effect, and by using materials of high 
shear strength, high indentation hardness, and low 
surface energy of adhesion. 

However, there 1s another source of metal particles 
that has proved very difficult to deal with. Metal 
surfaces that have not been polished or super-
finished have small particles (typically -*. 200 ym in 
diameter) attached to them. These particles are 
bound to the surface more or less loosely: some 
(but not all) can be removed by buffing, ultrasonic 
cleaning, vapor degreasing, flushing or wiping with 
solvent, strippable coatings, plasma cleaning, or 
vacuum bakeout. 

Materials Selection 

Experimentally and theoretically we have found 
that surface asperities cause no problem as long as 
they are connected to the substrate metal by an 
effective thermal conductivity that approaches typical 
values for metals; the surface particles mentioned 
above as a problem are evidently largely thermally 
decoupled from the bulk metal. The heating of these 
particles, whether they are loosely attached to the 
parent metal or sitting on a vitreous surface or 
located away from any surface, is then controlled by 
the parameter a/pc, where a is the (broadband) 
absorptivity for flashlamp radiation, p is the density, 
and c is the specific heat. 

Table 1 lists the values for a, a/pc, p (the 
indentation hardness), and S (the shear strength) for 
a number of candidate metals. The values for a 
were measured by us by a calorimetric method or (for 
copper, gold, and magnesium) estimated from published 
data. * The values for D and c are temperature-
averaged from Ref. 9. The values for S are obtained 
from the American Institute of Physics Handbook or 
extrapolated from materials of similar tensile strengths. 
The values for p are obtained from ihe Brinell hardness 
numbers tabulated in Ref. 10 or 11 (copper), or from 
the Brinell or Vickers hardness numbers given in Ref. 
12 (silver, titanium), or from the Vickers hardness 
number for tantalum cited in a Fansteel data sheet. 
In the case of beryllium, the Rockwell B hardness 

12 number cited was convertei to the equivalent Brinell 
value. 

Table i indicates the metals on which the 
experimental efforts wore concentrated; however, it 
should be reemphasized that surface processing is 
critical. All of the metals listed in Table 1, except 
beryllium, have been tested in the "helical flasher," 
and at least one sample of each of the top three 
metals (fresh silver bright-plate, chemically polished 
aluminum, and electropolished stainless steel, ranked 
by a/pc) has been free of particles. However, the 
silver plating separated from the substrate in 
"bubbles" and also presumably would not perform as well 
when aged, and the chemical and electrochemical polishes 
used for aluminum and stainless steel have not yet been 
capable of producing particle-free samples in trial 
after trial. We have chosen to use stainless steel 
(since it generates fewer and smaller particles when 
rubbed) for structural members, and to "prefire" 
amplifier heads before disk installation (see below). 

Calculations indicate, and "helical flasher" 
experiments prove, that "loose" particles of any of 
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Table 1 . Some Relevant Mater ia l Parameter Values 

Metal 

Aluminum (6061) 

Beryl 1i urn 

Chromium 

Copper 

Gold 

Magnesium 

Molybdenum 

Nickel 

S i l v e r 

Stain less Steel (304) 

Tantalum 

Titanium 

Broadband 
Absorp t i v i t y 

0.20 

0.49 

0.48 

.0.5 

(-.0.6) 

•-0. 25 

0.54 

0.43 

0 J 4 
0.39 

0.54 

0.44 

Underlined values represent the best va lue; values in parentneses are the worst values. 

these mater ia ls w i l l create haloes and/or disk f rac 
tu res ; emp i r i ca l l y , s ta in less steel p a r t i c l e s generate 
• -e la t ive ly smal ler obscurat ions. 

We no te , i n passing, that ceramics and orqanics 
14 

w i l l not wi thstand flashlamp rad ia t i on . in shadowed 
reg ions, i t i s permissable to use ceramics or organics 
that are known not to outqas e i t h e r condensjble 
na te r i a t s or uV-polvmerizable mater ia ls . 

Oesifln, Assembly and Test 

The design concept of F ig . 4 has been expressed 
i n two d i f f e r e n t embodiments- Note from T ig . 4 t ha t 
the disks fi!-their immediate support s t ruc tu re are 
enclosed in a sealed assembly, the transparent wal l 
of which protects the disks from fluShlamp u l t r a 
v i o l e t n i d a t i o n , from ambientpar t icu la te and vaporous 
contaminat ion, and from the debr is o f the occasional 
flashlamp explos ion. In one of the designs t h i s 
transparent cy l inder is s p l i t i n to semicyl inders that 
are sealed to the support r a i l s , wh i ts in the o the r , 
t h i s c y l i n d r i c a l sh ie ld is not s p l i t and the support 
r a i l s are ins ide i t . Cerium-uapei: fused quartz (CeQ) 
is the mater ia ls o f choice f o r the sh ie lds : Pyrex 
ana other common glasses spa l l under d i r e c t flashlamp 
r a d i a t i o n , Gernrisil s o l a r i z e s , and c lear fused quartz 
(CFQ) exposes the disks to too much u l t r a v i o l e t 
r a d i a t i o n . Stainlesc s tee l is the only metal used in 
the sealed assembly. 

The angular volume between the sh ie ld and the 
outer she l l o f the . imn l i f i e r head i s occupied by the 
flashlamps and the flashlamp re f l ec to r s (not shown on 
F iq . 4 . ) . The re f l ec to r s are s i l v e r - p l a t e i because of 
s i l v e r ' s M'gh r e f l e c t i v i t y ( low a; c . f - Table 1) . The 
outer she l ls are dluti inum, and are painted on t h e i r 
external surfaces w i th epoxy-based pa in t . 

Parts a r r i ve from fab r i ca t i on in re i ' " i v e l y clean 
condi t ion (surface processing such as e lec t ropo l ish ing 
is considered part of f a b r i c a t i o n ) . They are cleaned 
( e . g . , u l t rason ic c lean ing , vapor deg^easing) bv 
t ra ined clean-rocn technicians in a Class 10,000 clean 
area , then assembled and sealed i n an adjacent Class 
100 clean area, using clean-room garb and techniques. 
The l a t t e r are too extensive to recap i tu la te here, but 
we warn that p a r t i c l e s and f l u i d contaminants must 
a c t i v e l y be e l iminated from cleaning l i qu ids and purge 
n i t r ogen , and a n t i s t a t i c measures must be user* dur ing 
cleaning and clean assembly. The amp l i f i e rs are 
i n i t i a l l y assembled wi thout disks ( on l y ) , and the 
flashlamps are then f i r e d a t least ten t imes. A f te r 
t h i s " o r e ' i r e " or "bu r . i - i n " the ampl i f i e rs are 
p a r t i a l l y disassembled, the disks are i n s t a l l e d , and 
assembly completed ( a l l t h i s occurs i n the Class 100 
clean area). 

The s p l i t - s h i e l d design has been tested f o r over 
1000 shots ( the other design w i l l sho r t l y be so tested) . 
This new design provided improvement factors o f about 
f i v e in maximum obscurat ion diameter and of nearly ten 
in number of obscurat ions. 
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Figure Captioris_ 

F iq . 1. Photograph o f beam downstream of obscurat ion. 

F iq . 2. Haloed aluminum p a r t i c l e on ED-2 d isk . 

F iq . 3. Haloed aluminum p a r t i c l e d on ED-2 d isk and 
r e s u l t i n g f r ac tu re . 

F ig. 4. Design concept f o r a sealed-opt ical-assembly 
amp l i f i e r . 


