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Ineriial confinement fusion llcE) taryets i r e 'nade as simple t lat 

discs, as hollow shells or as complicated multilayer structures. Many 

techniques have been aevisea fur producing the targets, lalass anu metal 

shells are maae by using drop anu bubble techniques, iolid hydrogen 

Shells are also produced by adapting old metiious to the solution a; 

inoaern problems. Some of tnese techniques, problems ano solutions are 

oiscusseu. In adaition, the applications of many of the techniques to 

fabrication of ICr" targets is presented. 

* Work performed under the auspices of the U. S. Department ot Energy oy 
the Lawrence Liverniore National Laboratory under contract numoer 
W-/405-ENG-48. 
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IHTKUDUCTIUN 

In tne most simple, straignt forwaru uirect driven case, an Itr" 

taryet may ue a simple ball on a s t a k , fiber network, or f i lm support as 

Sliuwn in f igure 1. In a more compl icateo case tHe fu t l is inside a 

nunli'dOiii Oesiyned to contain thermal x-rays prouuceu Uy interaction ot 

tne anver peaii « i l i i tne outer s i ie l i . fu simplify the presentation, in 

tiie remainder of Ins-j papo«' i .vil i :>\\\j Jiseuss direct oriven ILI-' targets. 

The fabrication ot laser fusion taryets presents a sot ot unique 

prooiems in mater'1.11 science, chemistry, physics, opt.cs and microscopic 

mechanical teciiniques. HS target designs have evolved from simple uisks 

j f plast ic, metals or glass to nu11ilayer spnerical shel is, our tech­

niques for glass spnere production, polymer ana metallic nyer deposi­

t ion, mechanical jisemuK .iiw character i/ation have also evolved. 

Uur early Miotjlhc aisk t j ryets were prepared uy means or two uninai •< 

t0', hniqties. iuiiif 01 tne JISNS were oepositeu on tit in plastic films uy 

••/.jporation tni'ouyn a small t l uu -bu MIIJ hole in a masr,. others vere 

'•aue oy a cooMe eutler technique, punciiing tne UISKS from a turn metal 

f o i l . More recently we nave made oisxs Oy maskiny ano etcnmy a sil icon 

wafer to leave a f la t toppeu, circular set ot pusts onto wmcii is evapo­

rated a metal layer of correct thickness. The disks are ueri removed 

from the top of the cy l indr i ca l posts by using a microscopic vacuum 

chock. DISKS have also been made of a low density (y - 0-ijb-0.u7 gra/ccj 

cellulose acetate foam by sl icing from an extruded foam cylinder, for 

use as a target, a disk is mounted on edge on the t ip of a few micrometer 
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diameter drawn glass fiber whose base fits in a holder for insertion into 

the laser target chamber. 

Il>" targets consisting of nol low-spherical glass shells have been 

usee extensively at many laboratories. Initially the shells were 

obtained cornmerically in oatcnes wtucn wtn'e produced primarily for 

plastic fillers and other industrial uses, tven with the relaxeu speci­

fications of early targets, it was a difficult anu time consuming usk to 

find one which was good enough to use. 

Quite naturally, the manufacturers were not particularly interested 

in surface quality or uniformity of the sphere walls. To fine a suitable 
9 11 target, we often sorted through 10 -10 glass shells! Because of 

the inefficiency of the sorting techniques and lack of availability of 

spheres which met our stringent specifications even after the sorting 

process, we decided to make our own high quality glass shells. 

A liquid crop metnod developed at Lawrence Livermore National 

Laboratory (LLNLj has allowed us to improve the quality and yield of 

glass shells until we find that yu to yy out of 100 meet the mucn more 
i) 11 severe requirements of todays targets instead of the I in lu to lu 

which satisfiea some of our earlier less critical needs. To achieve sucn 

phenomenal yields, very uniform liquid drops of an aqueous solution of 

glass forming chemicals are generated and introduced into a vertical tube 
furnace as shown in Figure 2. 
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The aqueous solution of glass funniny chemicals le.g. souiuw sili­

cate, Doric acid, sodium nydroxioe, potassium hydroxide, etc.) is forceu 

through an orifice to form a cylindrical jet. A capillary wave launched 

onto the jet Dy means of a piezo-electnc transducer inauces tne jet to 

Dreak up into a series of uniform drops. Toe solvent (water; is evapo­

rated from the drops in a vertical column at aouut JbU°L, leaving dry 

particles which continue into a rngher temperature region of the furnace 

tu form glass spheres, hater of n,oration and gases evolved from the 

cnemicdl constituents e.<.pan-j in tin; multen glass spheres and form the 

•j lass into verj .i.iifuni! ndlo., snulls. Instead of a yield of one in 

• J or I'j , our process >ielos tile jy nut ot 1UU wnicn meet tne 

criteria for tarc.-t use. Inis means a surface which is smooth to ll)U » 

ana a v.all thickness winch aoes not vary oy more tnan U of its average 

vciiue. Surface tension ot the glass in tne low viscosity state maKes tne 

iiqu ;: into essentially perfect spueres. 

Hie uniformity and reprjuuciuihty of the initial druplets are impor­

tant to the process from several points of view. 

jjme of these are: 

1. Equal mass of glass in every shel l . 

2. Repeatability allows variation of parameters to experi­

mentally optimize the process. 

i. Reproducible injection into furnace. 
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The droplet process allows us some optimization ot a slightly 

different process for producing the glass spheres, Une of the earliest 

processes for producing hollow ylass spheres cominencally involved intro­

ducing dry particles of mixed glass materials into a gas flame. As the 

material fused in the flame, gases evolved from the components formed 

small bubbles whose walls became thin as expansion occurred. The 

internal bubble walls perforated and after a few milliseconds or less, 

one relatively internal large bubble was formed of all the smaller 

bubbles. The single buuble continued to expand and a hollow shell was 

formed. The glass flame was snort and the glass shells couleu quicdy mi 

emerging from the flame and were literally scooped off tne chamber floor, 

bagged and niarketed in large quantities. 

Preparation of the dry particles to be put into the flame (or other 

high temperature device, e.g. vertical tube furnace) varied with 

particuUr manufacturers. The ylass forming materials could be mixed 

into a slurry, dried, pulverized, sievea and otherwise manipulated to 

gain some uniformity of size. Another method involved dissolving the 

chemicals in water (and often included a decomposible gas former such as 

urea) and spray orying to form the dry particles which were then put into 

a flame or furnace for sphere production. 

The liquid drop generation technique allows us to produce first a set 

of uniform dry particles which can subsequently be introduced into a 

furnace or flame for fusing and forming into glass shells. Many 
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variations of tne basic theme are possible and are useful in specific 

circumstances. 

Tne reasons for the almost perfect centering of inner and outer 

surfaces, i.e. uniform wall thickness, are not completely clear for any 

of these techniques. The most probable mechanism is that variations in 

tne temperature profile seen by the ylass shells during the forming 

process provide variations in internal pressure in tne shells WHICH tenu 

to pump the walls and uwuce M u w in tile ylass which leaas to centering. 

That pressure variations may indeed leau to the centermy mechanism, is 

substantiated to some extent by the warK of Taylor Wang, Dan Elleman, and 

their colleagues on bubble centering in liquid shells. 

It should bp pointed out thai a large fraction of the fly-ash from 

large coal fired power plants consists of small, hollow glassy shells. 

txperimental results inuicate that tor snell sizes up to about 3 mm, 

yravitational and aerodynamical forces do not appear to cause asphericity 

ur uecentering of inner ana outer surfaces in vertical tube furnaces. 

Some analyses predict problems f.'om mese forces at even smaller sues. 

A possible explanation of tne absence of irregularities in the spheres 

may be that trie spheres rotate and, indeed, may move up, auwn auu side­

ways as well in the turbulent atmosphere of the furnace. Our observa­

tions extend only to spheres up to J mm size range. taryer shells may 

also not be disturbed by asphericity or decentering. At this time we 

have no data for larger sizes. 
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After the spheres are collected from the furnace, they are wasneu anu 

filled with a mixture of deuterium and tritium (LIT). Inese gases ait fuse 

rapidly through the glass walls if the spheres are at a temperature ot a 

few hundred degrees Celsius (e.g. jbU"C). at lower temperatures the yas 

will not diffuse back out of the spheres over periods of several months 

to several years. 

Spheres whose walls vary in thickness by more than 1-2'* aiid wiiose 

surfaces have peak-to-valley roughness variations of more than a tew 

hundred (100-300) Angstroms are of little interest for use as taryets. 

Targets which are simple Pare balls can sometimes be lower quality 

spheres than our canonical high quality sue lis. 

Other direct driven targets are also of interest anu require other 

techniques for production. Multiple layer coatings of various materials 

must be applied to the surface of gas or metal spheres to produce a 

complete target. We must produce metal shells wnicii have trie same nigh 

quality walls and surfaces as our present glass shells, ine coatings, 

which may be CH or Cf polymers, polymers with a few atomic percent of a 

high atomic number material distributed molecularly throughout the 

polymer, or layers of copper or beryllium or other materials should be 

very high quality. Layer thickness variation and surface irregularities 

should be kept to the few hundred to the thousand Angstrom range. 



Some of our targets are glass shells coated with fluorocarbon 

polymers (like Teflon; or hyurocaruun polymers (liKe polyethylene) or 

metallic layers such as copper', yola, silver or platinum. After the 

glass shells are filleu with L)i, Hie cratmys are appliec by sputtering, 

plasma activatea polymerization, cnemical vapor deposition, electro-

deposition or utner suitable prou'S^es. Specks of dust, surface 

weathering, or other irregularities >is small a few tens of Anystroms 

initiate or s m j irregular growth patterns in tne c.uatmgs auring the 

deposition processes. Unless tut substrate spiieres are virtually perfect 

and absolutely clean, it is very difficult to produce high quality coated 

shells. Figure 3 shows coating irregularity which originated on a defect 

or microscopic uirt speck on tne surface of the glass sphere. 

Of course, we must maintain the surface quality of the coatings at 

the 100 k smoothness level fur tnin coatings ana at about ]% of tne 

tniCKness for CHICK coatings. 

To avoid introducing jamage sites Dy contact with supporting surfaces 

during the coating processes, we have developed a molecular beam levita-

tion (MBLJ technology which uses gas at very low pressure flowing through 

a collimatea hole structure. The spheres are placed above the structure 

and the impact of the molecules on the spheres transfer sufficient 

momentum to levitate a steel sphere as large as a 3/8 inch diameter. The 

system is operated at a pressure low enough that sputtering and various 

beam coating processes can be accomplished. The levitation process is 
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sufficiently gentle that multishell assemblies in which inner spneres ar c 

suspended concentrically by means of a thin web (- ZW H thia 
Formvar) can be overcoated to produce a seamless outer shell. A 
levitated sphere '; shown in tne MBL in Figure 1. 

A secona technique for prooucing the outer shell is that of assem­
bling two hemishelIs around the inner sphere (Figure 5). Techniques for 
making and assembling hemishelIs into spherical shells have been 
developed to a relatively successful state. Utilizing single-point 
diamond tools ana high precision air-bearing spindk lathes, we maKe 
machined nemishelIs with 2bU-30U A surface finishes. To avoid assembly 
problems, we have also machined step joints into the edges of the snells 
as shown in Figure b. The spheres are assembled arounu UT filled, coated 
glass shells to form double shell targets. 

A number of directly driven targets for future reactor applications 
require metal spheres as containers for tne DT fuel. Metal spneres have 
been produced by a number of techniques including annular jet techniques 
(e.g. copper, woods alloy, tin) and by deposition on and leaching out of 
spherical mandrels, and by machine lapping methods. It is not antici­
pated that fusion targets will become less difficult to produce or that 
the critical parameters will be relaxed in the near future. The tech­
niques used >:a characterize the targets (optical interferometry, micro­
radiography, electron and ion beam techniques) are, in some cases, in the 
development stages. A great deal of research remains to be done just on 
measurement techniques. 
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Some target designs contain one or more layers of solid DT fue l . 

Conceptually, in a paper design, such layers are easy to put in a 

target. Experimentally i t may oe very d i f f i cu l t to produce such 

targets. Many of the uetails ut cryugeipc targets we nave down cola. 

However, there are s t i l l many proLlems tu be solved before hign quality 

cryogenic targets can Lu irradiated in trie laser target chamber. 

At each step of the ta get raurication process i t is imperative to 

nave accurate data on the geometry of the spheres, tiie coatings, 

supporting f i lms, DT f i l l , nemistiells anti the assembleu target. To make 

a l l these measurements we have developed a highly sophisticated set of 

characterization systems and analytical techniques and apparatus. 

Transparent shells, walls and surfaces are measured to a few hundred 

Angstroms accuracy with lateral resolution of about t micrometers or 

better. Transmission interferometry provides an excellent tool for 

characterization of transparent spheres and shells. Total 4n chara*-

terization of a glass shell can take up to 5 hours i f done manually 

looking throuqh an interference microscope. To reduce tne time necessary 

for a complete -'n characterization of a sphere, we have developeo an 

automated sphere characterization system which measures the spnere and 

plots a contour map to a height accuracy of about 0̂U * with a lateral 

resolution of about 2 micrometers in about b minutes. 
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For detailed surface analysis and analytical studies we rely heavily 
on Scanning Electron Microscopy and Auger microprobes. Information on 
chemical composition of surfaces as well as on surface contours is thus 
made available to material scientists who are concerned with coating, 
sphere formation, and other materials problems. 

Targets fo r economical energy production in the future are yet to oe 
fully developed. However, in several areas we nave made significant 
progress toward high rate, low cost production of reactor class targets. 

Techniques for producing fully cryogenic targets and for levitating 
and transporting targets of all types have been developed. We are con­
tinuing our efforts toward determining the building blocks for a target 
factory (Figure 7). 

As new target designs are generated and more powerful and energetic 
lasers are built, new targets must be produced. We are continuing the 
research and development which will allow us to respono to the continuing 
challenges in the fielo of target fabrication in inertia! confinement 
fusion. 

As further experiments are done with more energetic ana powerful 
driver beams, our understanding of target designs snould improve ano our 
target fabrication tasks will change -- out they are not liKely to become 
easier! 
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