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[nertial confinament fusivun {ILF) taryetls arc made as Sumple tlat
discs, as hollow shells or as complicates multilayer siruCtures. Hany
techniques have been devised fur producing the turgets. blass anu metal
shells are made by using drop ang bubble techmigues. %0lid hydrogen
shells are also produced by adapting uld wethous Lu the solution gt
mouers problems. Sume of tnese techniques, probless anc solutiong are

aiscussey, In adagition, the applications of many of the techniques to

fabrication of 1Cr targets 1s presented.
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INTRUDUCTIUN

I the most strple, stravgut forward givect driven case, an Jor
target may ve a simple ball on a stalk, fiber nelwork, or rilw support as
shuwn i Figure V. Inoa more conplicated case the fuel 13 inside a
nunlreun designed La centabn thermal x-rays produced by interactiun of

g griver Dealn wilh ne guler shell.  To Swuplify ULhe presentualivn, in

e renaindec of Uy paper ©oai b ondy, Nuseass Jdrect uriven Jof targels.

The fabrication ot taser fuston targets presents o set ot umique
proviems i matir ol sorence, chesnstry, physicy, npl.us any microscopic
mechanical tecnnigues. As target designs have evolved from simple aisks
Sf plastic, metaty or glass to maltilayer spuerical shelis, our tech-
nigues for glass spnere produclion, polymer and wetsliic iiyer deposi-

Uron, @mechanical aaseibly anu uhigragber vzation have alse evglved,

Qur ear ly meta i sk Largets were prepdred 0y medns of Leg pe mas
cxoBNIgUES . dume LT e JISAS were depositeu on Uivin plastic falms vy
cedperdl1on tnrougt g osmall (lud-1ou g hole 300 a mase . JLhers vere
waUe by @ Co0Kle vutler lechnique, punciiing Uie diskS From ¢ L metdl
foil, wdore recently we ngve made 01SkS by masking and etening a silicon
wafer to leave a flat topped, circular set gf pusts onty woich 1S evapy-
rated a metal layer of correct thickness. The aisks are vien remyved
from the top of the clylindrical posts by using a microscopic vacuum
chuck, Oisks have also been made of a low density (o = U.U5-0.U7 gm/cc
cellulose acetate foam by slicing from an extruded foam cylinder For

lise a¢ a target, a disk is mounted on edge on the tip of a few micrometer
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digmeter drawn glass fiber whose base fits in a nolder for insertion into
ihe laser target chamber.

t
ILF targets consisting of noljow-spherical glass shells have been

useq extensively at many laboraturies. Initially the shells were

obtained commerically in patenes wnicn were produced prwarily for -
plastic fillers and otner industrigl uses, tven with the relaxeu speci-

fications of early targets, it was ¢ aifficult anu tiwe cunsuming Lesk Lo

find one which was good enough to use.

Quite naturally, the manufacturers were not particulariy interestea
in surface quality or unifarmity of the sphere walls. To fing a suitable
target, we often sorted through }09-10‘] 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 decidey to make our own high guality glass shells,

A liguid grop metnod aeveloped at Lawrence Livermore National
Laboratory (LLNL) has alloweod us to improve the qualily and yield of
glass snells until we find that YU to Yy out of WU meet the mucn more
severe requirements of todays targets insteau of tre 1 in lU9 ta luH
which satisfiea some of our earlier less critical needs. To achieve sutn
phenonenal yields, very uniforw liguid grops of an agueous solution of

glass forming chemicals are generated and introduced into a vertical tube

furnace as shown in Figure 2.



Tne agueous solution uf glass furming chemicals {e.q. sourum sifi-
cate, poric acid, sodium nydroxice, potassium hydroxide, etc.) is forcey
through an orifice to form & cylindrical jet. A capillary wave launcheg
onto the jet by means of a piezo-electric transducer inguces tne jet to
preak up into a series of wnitorwm arups, Tne solvent \water) is evapo-
rated from the grops ina vertical column at avout 350°C, teaving dry
particles whigh continue nlu & nigher Lemperature region of the furnace
Lo form glass spheres. Water of h,dration and gases evolved from the
chemical conslituents eapana 1n Lhe awlten ylass spheves ang form the
Jrass anto very amifori ot los siells, insteau ot @ yield uf one in

4 Y
W7 0r 1, uur protesy yiclds Lhe ¥y ooul ol WY wnien meet tie
criterta for taresl use.  Tnis means a surface which is smooth to WU »
4ng a2 wall thickness which does nol vary oy mure tnan ls ot its averaye
valug, Surtace Lension of the glass in tne low viscosity state makes the

PIQuit oty essentia iy perfecl spneres,

Tne uniforunty and reproducibility ot the initial droplets are impar-

tant to the process fram sevoral points of view,
same of these are:

1. Equal mass of glass in every shell,
2. Repeatability allows variation of parameters to experi-
mentally optimize the prucess.

3. Reproducibie injection into furnace.

LR




The dropiet process allows us some oplimization of a slightly
gifferent process for producing the glass spheres, Une of the earliest
processes for producing hollow ylass spheres commerically 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 becCame thin as expansion occurred. The
internal bubble walls perforateq and after a few milliseconds or less,
one relatively internal large bubble was formeo ¢f all the smaller
bubbles, The single bubble continued to expand and a hollow shell was
tormed. The glass flame was short ang the glass shells cooleu quickly o
emerging from the flame and were literally scooped off tne chamber floor,

bagged and marketed in large quantities.

Preparation of the dry particles to be put into the flame (or other
high temperature device, e.g. vertical tube furnace) veried with
particylar manufacturers. The ylass forming materials could be mixed
into a slurry, dried, pulverized, sieved énd otherwise manipulated to
gain some yniformity of size. Another method involved dissolving the
chemicals in water (and often included a decomposible gas former such as
urea) and spray drying te form the dey particles which were then put iata

a flame or furnace for sphere production.

The Viguid drop generation technique allows ¢s 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



variations of the basic theme are possible and are useful in specific

circumstances.

Tne reasons for the almost perfect centering of imier and cuter
surfaces, i.e. uniform wall thickness, are not cumpletely clear for any
Jf these techniques. The most probable mechanism is that variations n
tne temperature protile seen by the ylass shells during the forming
process provide variatiuns in internal pressure in tne shells wnich Lena
to putp the walls and wiuuce flow in the glass which leaas to centering.
That pressure variavions may indeed lean to the centeriny wechanism, is
substantiated to some extent by the work of Taylor Wang, (an €1leman, and

their colleagues on bubble centering in liguid shells.

[t shoulfd be pointed wut thal a large fraction of the fly-ash from

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

Experimental results ndicate tnat fur snell sizes up to about 3 wm,
yravitational and gerouynamical rorces do not appear te cauSe asphericity
ur uecentering of inner ano outer surfaces in vertical tube furnaces.
Sume analyses mredict proolems frum Lnese forces at even swaller sizes.
A possinle explanation of tne absence of irregularities in the spheres
may be that tne spneres rotate and, indeed, mdy move up, down anyg Side-
ways as well in the turbulent atwosphere of the furnace, Uur observa-
tions exteno only to spheres up to J wm size range. Laryer 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 collecled from the furngce, they are wasned anu
filled with a mixture of deuterium and tritium (UT). Tuese gases aituse
rapidly througn the glass walls if the spheres are al o temperature of a
few hundred degrees (elsius {e.y. 35U°C). AL lower temperatures the yas
will not diffuse back out of the spheres over periods of Several monlhs

to several years.

Spheres whose walls vary in thickness by more than 1-2% and whose
surfaces have peak-to-valley roughness variations of more than a few
hundred [100-300) Angstrams are of little interest fur use as tdrgets,
Targets which are simple bare balls can somelimes be lower quality

spheres than gur canonical high quality snells,

dther direct driven targets are also of interesl anu require other
techniques for production., Multiple Jayer coatings of various materials
must be applied to the surface of yas or metal spheres to produce a
complete target. We nust produce wetal snells wnich have the same nigh
quality walls and surfaces as our present glass shelis. Tne 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 nigh quality. Layer thickness variation and surface irregularities

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



Some of our targetls are glass shells coated with fluorocarbon
polymers (1ixe Teflon; or hyuracarbon poiymers (like polyethylene) or
metallic layers such as copper, yola, silver or platinum. rafter the
ylass shells are rilled with DT, tie ceatings are appliec by sputtering,
plasina activateo polgmerization, cnemical vopor depusition, eleclroy-
deposition ur uluer sultable processes.  Specks of dust, surface
weathering, or other Trregularities us smdll a few Lens of Anystroms
initiate or seed yrregular gruwth puatlerns in the cuetings during Lhe
deposition processes, Unless tne substrate spneres are virtually perfect
and absolutely clean, 1t 1s very difficult Lo produce nigh quality coated
snells. Figure 3 shows coating irregularity whicn originated on a defect

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

Of course, we must maintain tihe surface quality of the coatings gt
the W0 & smoothness level ror tnin coatings and at gbout 1% of tne

tNICKNEsS for Lnick cudlings.

To avoiu introducing ogmage sites by contact with supporting surfaces
during the coating processes, we have developed a molecular beam levita-
tion (MBL) tecnnology which uses gas at very low pressure flowing throuyh
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 Tevitation process is

|
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sufficiently gentle that multishell assemblies in whicin inner Spheres are
suspended concentrically by means of 4 thin web (= 20U h thick

[
Formvar) can be overcoated to produce a seamless outer shell, & u

Jevitated sphere *s shown in tne MBL in Figure 4.

A secona technigue for prooucing the outer shell is that of assem-
bling two hemishells around the inner sphere {Figure 5). Techniques for
making and assembling hemishells into spherical shells have been
geveloped to a relatively successful state. Utilizing single-paint
diamond tools ana high precision air-bearing spinale lathes, we make
machined nemishells with 250-300 a4 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. Wetal spueres 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 ¢ritical parameters will be relaxed in the near future. The tech-
niques used :a characterize the targets (optical interferometry, micro-
radiography, electran and ion beam technigues) are, in some cases, in the

development stages. A great deal of research remains to be dune just on

measurement technigues,



- 10 -

Some target designs contain ane or more layers of solid OT fuel.
Conceptually, in a paper design, such layers are easy to put in a
target., Experimentally it may pe very difficult to produce such
targets. Many of the details of cryogenic targels we have down cola.
dowever, there are still many proclems tu be solved before hign guality

cryogenic targets cdn Uu rradiated 1 tne taser Larget chamber.

At each step of the ta get Taprication process it is imperative to
have accurate data on the geomelry of the spheres, the coatings,
supporting films, OT fill, nemishells and the assembieu target. To make
all these measurements we have developed a highly sophisticated set of

characterization systems and analytical technigues and apparatus.

Transparent shells, walls and surfaces are measured to a few hundred
Angstroms accuracy witn lateral resolution of about Z micrometers or
better. Transmission interferometry provides an‘exce11ent togl for
characterization of Uransparent spheres and shells. Total 4u chara:-
terization of a glass shell can take up to 5 tours if done manually
lyoking throuqh an initerference micruscope. To reduce tne time necessary
for a complete <m characterization of a sphere, we have developea an
automated sphere characterization system which measures the spnere and
plots & contour map to a height accuracy of about 200 a with a lateral

resolution of about 2 micrometers in about & 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 surfzces as well as on surface contours is thus
made available to materia) scientists who are concerned with coating,

sphere formation, and other materials problems.

Targets for econowical eneryy production in the future are yet to oe
fully developed. However, in several areaS we nave made significant

progress toward high rate, Tow cost production of reactor class targets.

Technigues 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 responc to the continuing

challenges in the fielo of target fapbrication in inertial confinement

fusian.

As further experiments are done with more energetic ana powerful
driver beams, our understanding of target designs snould improve and our

target fabrication tasks will change -- but they are not 1ikely 10 become

easier!
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ORIGIN OF DEFECTS IN THICK CH,; ; COATINGS i

Viewed by Transmitted Light

Viewed by SEM

o
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1
=

20 um 100 um

® Overall surface smoothness better than 0.3 um
e Defect originates at a surface irregularity

10-05-1079-4284

Fig. 3






DOUBLE SHELL TARGET
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MATING POLYSTYRENE HEMISPHERES (L

10-30-0280-0569
Fig. 6
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MULTILAYER CRYOGENIC REACTOR TARGET PRODUCTION

Ce

Hydrogen droplet & frozen
hollow shell generator

Frozen hydrogen shell

Coating
gas no. 1
Liq. helium cooling between e.g. neon
stages to maintain shell Differential
temperatures ) pump system
Coating
gas no. 2

e.g. xenon

Frozen hydrogen shells
coated with neon & xenon

To target assembly
& delivery system
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