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FUEL PELLETS AND OPTICAL SYSTEMS FOR INERTIALLY CONFINED Fl'SION* 

C- D. HENDRICKS 

Lawrence Livermore Laboratory, Livermore, California 94550, USA, 

Current laser-driven TCF targets are complex 
variety of materials including the fuel (e.g., dri 
materials, organo-metal1ics, and several addition, 
particular expor iwt'nta to be done. While we (!on' 
exactly, Lhere is little reason to believ Lhrv w 
containing PT gas or simple spheres of d.-ut e m ted 
consider many nf trip current targets, materials, . 
long range problems of TCF reactor target f.ihrira 
fabrication technique;} are discussed and various 
bring an awareness of the possible fusion reactor 
technical community. 
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We should note that "target" and "pellet" are used interchangeably and do not have any hidden 
variat ional signi ficances. 

1. INTRODUCTION 

(ICF) is Inert ial Confi nement Fu 
process by which a fue 1 such as a den re-: um-
tritium i s compressed to hi f;h dens i t i <••-, .ic.d 
heated to high temperatures to cause miclf.tr 
fusion. The inertia of the compressed material 
confines it for the short time during which the 
thermonuclear burn process occurs. 

In a magnet ic 
to be contained 
figuration for 
the bi^b temper. 
fuse. The fuel 
lO'^/cc range ai 
the order of 0. 
densities of fu 
about lO^G/cc a: 
1(T 1 2 s :ond. 
confinement and 
system?:, the fu< 
1 0 8 K or greate 
repulsive force 
tritium fuse to 
neutron, and 17 

Since the inertial confinement fusion program 
is still in a "research" phase, detailed 
specif i cat ions for react sir chamber shapes , 
first wall protection ne'fccvfs, final beam 
turning materials and '.::;f igur.it i.ins, and 
indeed . dr i vrr spec :' f i chl i ens or types 
themselves are not known. In add i t ion, perhaps 
even more seriously, the reactor target 
eonf igurnti on is not even known in any dctai]. 
This is serious because the target design is a 
driving or determining factor in driver power 
and energy, puIse length, rear tor chamber 
design, first wall protection- energy 
extraction, radioactive debris disposal and 
many other aspects of ICF power production 

*Work performed under the auspices of the U.S. 
Department of Energy by the Lawrence Livermore 
Laboratory under Contract Number W-745-5-ENG-48. 
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(not the least of which is power cost to the 
user). An area in which the lack nf a well 
defined target des ign is almost, car as t roph ic 
is that of target fabrication research, 
development, and production stmlier. While it 
may be ] i teraJ 1 y yonm before «i reactor target 
design is made firm, we cannot afford to wait 
until then to develop fabricat i on techni nucs 
and materials processes for hu tiding I be 
targets. We must take what we know of present 
target designs and extrapolate as best we can 
to the future reactor target poss ibi1i t ies and 
begin our development work. In addition, it 
is necessary to produce targets for research 
experiments now. We feel that the materials 
research and development being done on todav's 
and near-term future's targets is relevant to 
liie long term future targets. 

That the targets will not be simple spheres 
of glass filled with gaseous DT or simple 
spheres of solid CD? or CDT is almost 
certain. Target designs are tailored to 
obtain the best yield, gain, and utilization 
oF driver capability. These considerations 
are not usually met by a simple, single laver 
sphere but require multiple shells of various 
materials: High-Z for reduction of fuel 
pre-heat, high density for pusher or tamper 
use, low-Z for ablators. etc. She 11 
thicknesses, spacings, and material properties 
must be determined to achieve shock timing. 
CDL'press ion veloc i t ies, and appropriate 
hydrodynamic behavior of the targets resulting 
in desirable burn characteristics in the 
compre s sed fue1. 

Target design specifications include high 
surface quality and material density uni­
formity. This is to avoid the disasterous 
growth of Rayleigh-Taylor instabilities. Small 
surface and volume irregularities can grow 
sufficiently during the implosion to produce 
non-spherical compression of the target which 
can result in very unsatisfactory burning of 
the fuel at best or total failure at worst. 
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FUSION TARGET DESIGNS 

Si0 2 pusher 

OT gas fuel 

- Be ablator 

TaCHO pusher 

Plastic foam or gas 

-j Au pusher 

Liquid DT fuof 

10QX liquid density 

Scientific breakeven High gain 

Fig. 1. Typical designs for laser fusion 
research pellets. 

182 jim 
± 10pm 

80pm±4^m 

33.8 / im \ A u 
R 3 1 - 3 6 / i m - ) X ' 

thickness >••-' 
0.75-1 . 2 5 M " 1 J 

DT gas' 
p = 70 mg/nc 

Surfaces smooth 
to 1 pm 
Materials to have 
uni form density 

Smooth t o 300 A w i th a 
few peaks to 2000 A 

Fuel container must be centered 
in outer shells to ± 1.0 pm 

200 
±5 um 

170 

150 ± 5 nm 

82-90 i i.5 pm 
High-Z glass . 

70 ± S y m 

D T gas 
p = 70 mg/cc 

Fig. 2. Detailed pellet design 
specifications. The "pie"-shaped 
sections are taken from typical 
pellet designs and include dimen­
sions and tolerances. 



It is not anticipated that the quality 
specifications will be drastically chanced 
for reactor target designs as compared wi th 
those for our current research target designs. 

As a result of required production rates 1 
material and geometrical surface 
considerations, reactor-cla<s laser fusion 
targets will present some unique fabrication 
challenges. Targets will be required at 
rates of I to 10 per second and must be 
delivered accurately to the laser focal point 
in the target chamber and be there 
coincidentally with the laser pulse. 

Free surfaces will be required to be 
extremely smooth; 1000 A to 2000 A 
peak-to-valley defects whose lateral 
dimensions are approximately equal to the 
shell thickness may be the largest 
permitted. Interfacial surfaces must have 
the same smoothness characteristics as free 
surfaces. Material nonuniformities or voids 
can be tolerated only to the same extent as 
the equivalent surface defects. One or more 
of the layers in the target may be cryogenic 
substances such as deuterium, 
','eutcr ium-tri tium, or normal hydrogen. If 
two separate frozen layers are to be placed, 
trozen and maintained in tnt target, 
surrounded by layers of polymerized 
fluorocarbon, beryllium, gold, glass, or 
other materials, there ar-"> difficulties in 
depositing the cryogenic material in uniform 
layers and keeping then frozen during the 
deposition or assembly of the other layers. 

Since the target configurations include 
opaque materials, characterization by optical 
interferometry will be almost impossible. 
Microradiography can provide data on layer 
thickness and de fects in opaque spheres. The 
production of targets at high rates will 
utilize computerize*! sensing, 
characterization, and control of the 
processes. Effective use of modern 
techniques of material deposition vil', permit 
the rapid and accurate formation of uniform 
hifalj-quali ty layers. 

Driver power and energy levels which are as 
yet not achieved will be necessary for 
economical, power-producing laser fusion 
systems. New gas laser development is 
proceeding and may provide the "Brand X" 
system necessary for a working power reactor 
dr iver. 

The ICF reactor of the future will be a 
well-integrated combination of a high power, 
high energy driver and a low cost, high 
quality target. In both driver and target 
development, the most difficult problems to 
be solved are in materials technology. 

2. PEU.ET SPECIFICATIONS 

There are several critical elements in the 
ICF process--the fueI, the fue I conta iner, the 
driver, and the peripheral apparatus su;h as 
diagnostics and energy removal systems. k'e 
are concerned here primarily with the fuel and 
its surroundings. Th^ fuel may be gaseous, 
liquid or solid depending on the particular 
experiments and the type of fuel being used. 
A number of fuel possibilities are: 

Deuter ium-tri t ii'm 
Deuter ium-do-iter ium 
Boron 1 l-hy<!rogen 
Li thium-dcuterium-tri t ium 

The firnt two, of course, are gases at normal 
temperatures , and 1 iqu j ds or so 1 i d.s at appro­
priate cryogen ic temperatures. Boron-hydrogen 
compounds range from gases to 1iquids to 
sol ids at norma 1 temperature*: and rnnf,r* j n 
composition from dihornno (B.,Hto) which boils 
at -92.5 "C to decaborane fBl0II„.) which boils 
at +65*C. Lithium hydride is a solid which 
melts at 680*C. 

The structure holding the fuel i,s more than 
just a container. All of the materials and 
their physical characteristics, masses, atomic 
numbers, and radii are important aspects of 
Che target design. A few designs for 
experimental targets .re shown in Fig- 1. 
Figure 2 is a more detailed set of specifica­
tions for a typical la^er fusion pellet. 

3. FABRICATION PROBLEMS 

Some of the problems facing us in the 
production of ICF targets may be seen in the 
specifications in Fig. 2 and Table I. The 
fuel completely fills the inner shell at a 
density of 0.070 g/cc Other target designs 
may require the DT fuel to be at liquid den­
sity (0.21 g/cc at 24 K). Both the filling of 
pellets with liquid fuel and containing the 
fuel will require tne solution of difficult 
cryogenic problems. The pellets will hav" to 
be maintained at temperatures below 24 K Lo 
avoid disruptively high internal pressures. 

TABLE J- Design specifications, tolerances, 
and other criteria to be met by glass spheres 
produced for use in laser fusion pellets. 

1) Diameter range 50 ̂ m-2000 ̂ m 
2) Thickness range 1 ̂ m-20 ^m 
3) Sphericity better than 5% 
4) Concentricity and wall uniformity 

better than 57, 
5) Surface finish better than 2000 A 
6) Strength—able to contain up to 

100 atmospheres of DT 
7) Composition—variable 

Commercial glass microspheres are unable to 
meet these criteria. 



4. GLASS SHELL PRODUCTION 

For some time in ICF research it has been the 
practice to produce glass shells of high 
quality then permeate DT p.as through the 
shells at moderately high (350° -AbO ~C) temp­
eratures. These DT filled S':IP] I ;; .in' used as 
the central spheres o| rhe multilayer 
targets. The fuel density o!>i.a inablo Lv rh:s 
technique is limited by th<- temperature at 
which permeation occurs, fill system 
pressures and the tempera fur" at which the 
target is used- Surface qua 1i ty of the glass 
is required to be very h igh. Kar I y 1 ar.er 
fusion targets were made from c online re ia 1 
glass shells produced for other purposes. 
Because surface .nid w.i I I un i f nmi ty vere not 
important, no o f for t had been made t o produce 
high surface quality. 'fable I -iliow:; the 
spec ificnt ions wli icli must he net by gl ass 
spheres uti 1 i zed in current >*xper im^nts. A 
comparison of previously ti-;ed enmnf-rc i a I 
spheres with thor.e currently being used is 
shown in Fig. 3. 

LLL r/iicjoipheixi 2M microipltcrci 

- , . , , j V:\ 
~ j 

Surf aw finiih, 10D-200 A Surface fimiti. 0.5-2^ 

Fig. 3- Scanning electron microscope 
pictures of the nurfnef s of glass spheres 
taken from commerciaI sources (3M) and from 
batches of spheres produced at Lawrence 
Live more Laboratory. The "t ie" parks along 
the lower edges of the pictures are I.0 ̂ m 
apart and each mark is 0.1 ,*,m wide-

Several techniques are be in p. used for the 
production of high quality glass shells with 
a wide range of diameters and wall 
thicknesses. Our must succesiful method 
utilizes tin? generation of unworn droplets 
of an aqueous solution of ;=• 1 ass-forni ng 
chemicals and subsequent dry iig and fusi ng 
into hollow glass shells. Droplets are 
formed by the bre.ik-ttp of liquid iets as 
first described i>y fiayleigh .Mid developed 
more recent 1 y for spec i a 1 pn rpo*.es inc luding 
high-speed printing. 'the droplets of solu­
tion are initially pained throuuh a moderate 
temperature (300 "-f 00"c) region of a vertical 
column to remove the ,;ul vent » After pass: ng 
through the drying region, the dry particles 
pass into a high temperature region where the 
material fuses to glass and the final she LI 
is formed. Temperature and temperature 

gradients are important parameters as are 
droplet size) solute concentration, and 
chemical composition. A sample of hollow 
spheres directly from the furnaces is shown 
in Fig. 4. The process is sufficiently w*»l 1 
controlled that in the hatch shown almost 8U"i 
of the spheres meet the criteria indicated in 
Fig. 3 with regard to wall uniformity, 
sphericity, concentricity, size, and surface 
finish. 

Many of our experiments require gases in 
the targets other than isotopes of hydrogen. 
For example, Tor diagnostic and other 
purposes we often need argon, krypton, neon 
or xenon in the shell together with the DT 
fuel gas. (Ither than neon, these gases do 
not diffuse readily through glass and hence 
are very difficult to put in after the 
spheres are formed. However, if the furnace 
column is filled with the required gas while 
the spheres are br-i ng formed, the spheres 
will contain the gas wlmn they are 
completed. For example, we regular!y fill 
our glass spheres with 0.1 to 0.3 atmospheres 
of argon during the production process. As 
needed, wo also fill with krypton and xenon 
to about the same pressures. Fills of these 
and other gases are eas ily done at both lower 
and higher pressures. 

T 1 

Fig. A. An interference tnic rose ope photo­
graph of a batch of spheres taken directly 
from the furnaces. About 80"£ of these 
spheres meet the diameter, wall thickness, 
sphericity, concentricity, nnd surface finish 
requirements for laser fusion pellet designs. 

5. COATINCS AND LAYER DEPOSITION 

The second layer of the multiple layered 
target may bo a layer of polymeric material 
similar to Teflon. To deposit this material 
we chose to utilize a technique suggested by 
some work done by Jav Fries' group at 
Los Alamos. They had done some excellent 
work utilizing a parallel plate plasma 
discharge to activate a monomer which then 
polymerized on the surfaces of glass or metal 



shells- The LASL group had very good success 
vith this method. However we were not able 
to get the process to produce layers Co our 
Satisfaction, so we decided to proceed along 
other lines. Ve examined both microwave and 
longer wavelength RF plasma discharge systems 
for activation of the monomers. 

In our plasma polymerization process a 
mixture of a monomer gas (for example, 
perfluoro-2-butene, PF3) and argon is intro­
duced into a hoii ca1 , resonant transitu ss ion 
line tuned to about 13 megahertz. At 
appropriate power levels, a gas discharge is 
produced and maintained in the transmission 
line. The flow of the gases noves the 
activated material out the end of the 
transmission line into the rep.ion above a 
small dish in which the spheres to be coated 
are located. The dish is mounted on a piezo­
electric element which is driven by an AC 
signal so the spheres roll and slide trans­
versely over the surface of the dish, thus 
presenting their entire surfaces to the 
coating action of the activated material. 
The PFB polymerizes on the sphere surfaces in 
uniform layers. As with any coating technique 
there have been problems obtaining smoc'h 
surfaces and well-controlled layer thick­
nesses. The most severe problem was the 
surface quality which had to meet the 
200-3D0 A smoothness specifications as c. . 
the glass shells. By periodically bombarding 
the surfaces of the spheres with ions during 
the coating process, the growth of irregu­
larities in the layers was avoided and the 
surfaces were made to the required smoothness. 

The microwave-generated plasma deposition 
techniques also appear to have promise in a 
slightly different direction. While- we have 
been able to put coatings of polymerized 
materials on surfaces by this technique, we 
have also produced low densrLy "foam" 
compos"t ions whi ch also have ut i1i ty in 
target fabrication. 

Looking back at Fig. 1, we SPP several 
other materials of interest to target 
designers. Beryllium is of particular 
interest because of its low atomic number 
(Z = i), and its density (P = 1.65 gm/cc) 
and because it is a stable solid at room 
temperatures. However, beryl Iium poses some 
problems for us from a fabrication stand­
point. Tt is considered to be very to^ic; 
and it is, consequently) difficult to use. 
We have* however, deposited coatings of 
beryllium on glass hennsheJls. These hemi-
shells can he assembled to form complete 
spherical shells which surround our DT filled 
glass spheres-

As has been the case with almost every 
material being deposited *?nd every deposition 
procesSf initial efforts in the sputter 
deposition of beryllium yielded surfaces 

which were rough (on a few hundred Angstrom 
scale length). Ey controlling temperatures, 
sputter ing power 1evels and gas pressure. we 
are able to produce "cmorphous" bt-r y 11 ium 
layers with smooth surfaces. "Amorphous" in 
this sense means crystal structure is either 
absent or the crystals are small enough that 
no lines are found in x-ray diffraction 
studies of the material. 

We see in Figs- 1 and 2 that many other 
materials may he needed for the fabrication 
of ICF pellets. High atomic number materials 
with high density are necessary in some 
designs. For exanple, a gold pusher nay be 
needed as shown in rig. 2. The second shell 
is a layer of pold about 35^m in radius and 
about 7/,m thick. The inner and outer 
surfaces of the pnld must hive no peaks 
higher than 1000-2000 & and must have a 
general ambient surface smoothness of 
200-300 X. That is, there sh ould be at most 
only a few (five or six) of the 2000 A peaks 
and the rema i n i nr sur face features shoul d 
have a peak-to-va!ley amplitude Icsi than 
300 «. The severe surface quality criteria 
result from an attempt to avoid Rayleigh-
Taylor instabilities during the irrplopjon of 
the target. The fabrication problem arises 
from two aspects. The gold shell must be 
produced with the smooth surfaces required 
and the fuel must be put into the shell which 
is impermeable to the fuel. If holes or 
fil1ing tubes are used, they must not intro-
duce irregularities in the shell which exceed 
the smoothness specifications. Many 
variation* are possible and indeed are often 
"negotiated" between pellet designers and the 
fabrication scientists. Such parameters as 
layer thickness, total mass in the layer, 
average atomic number, atomic number of each 
element present in the layer, and density are 
all important and must be cons:dered 
together, not independently. 

A material often shown in pellet designs is 
generically designated TACHO or CliOW. These 
arc names given to hydrocarbons—often 
polyethylene—in which high-Z (such as 
tantalum or tunsten) mater-'als have been 
dispersed. The average density may be still 
about that of the polyethylene while the 
average atomic number may bo relatively 
high. Several techniques are used to produce 
the materials. The critical parameters for 
our purposes are die density, the average 
atomic number, the material uniformity on a 
scale of 10-100 A", and its production and 
mechanical properties. One of the easiest 
(and probably least satisfactory) methods to 
produce TACHO is to disperse tantalum or 
tungsten particles in polyethylene. Disper­
sion of metal, particles uniformly in the 
polyethylene is difficult. Local clumping of 
the metal is almost trnavoidablo oven i f 
particles of a tew to tens of Angstroms could 
be obtained. The variations throughout the 



material would be unacceptable. 

A iKore satisfactory means of obtaining 
appropriate materials of thr Ti\rJ';0 typ" is by 
polymerization of or?,nno-muta 1 1 i c compounds 
or by a comb i ri.it i nn of po! ync-ri zat ion and 
co-dernsition of a hi;*h-2 plfmr-nt such JS 
tanta J.JSI, gnld, tun^sr'-n, c.r unni 1^. It 
must b-- noted one* â .iin that surface and 
interface smoothness and ]ayt-r uniformity art* 
critical parameters -

As a substitute for the gold layer around 
the DT in the center of the nellet. we have 
prepared l*-ad glass shells. These have been 
produced i n a wide r.imr.^ of s ir'.'Vs and tin ck-
nesses with excellent concrnr r i<~ i r y, wall 
thickness uniformity, mu\ ;urface finish. 
Our compositions include up *-r> ir.>7. by weight 
of lead oxide. A conpo.-ii i. i on containing, jOTi 
by Weight of pbO lias a hydr^e" perrw-.il) i ] i ty 
sufficiently hi#b t<; permit. filling by perme­
ating DT through the r.tas.4 wall. Thus, to 
fill the shells with J)T at densities of a few 
tens of milligrams per lubic rr>nt imeter is 
almost as ea.sy, in principle, as for the 
borosilicare, sodn-1im^, or other 
commonly-used glass .she] Is. 

6. PF.U.ET FACTORY CONSIDERATIONS 

Many of tho problems and solutions 
discussed here have been related specifically 
to typos of pel 1ets to hr> used for research 
experiments leading to brrakevri. However, 
many aspects of the'ie _;jme pelleLs are 
applicable to reactor poilets. 11 is highly 
likely that multilayer pellets will be 
required. It is clear that whatever 'he 
pellet configuration is, rbfy must be 
produced at high rater. Cup to ten per second) 
at costs of It' to 50 cents i-jch. '/.<• have 
suggested rechn iqu<"*s by wh ieh layered targets 
may be made cryogenicatly. FiF.ure 5 shows 
how multilayer pellets can be :. ide in large 
Quantities. 

4 rialiwy tytlom 

Fig. 5. A method of producing multilayer 
ICF pellets at high rates. Hie schematic 
diagram illustrates cryogenic pellets but the 
mechod is also applicable to other materials 
that need not bo handled at low temperatures. 

Many techniques which are currently 
"state-of-the-art" in other fields or in our 
present pellet fabrication work can be 
brought together to produce TCF pellets on a 
production basis. Pellets of £lass, plastic, 
m*'ta! , and other materia" 1 avers may be made 
by the techniques used for current product ion 
but in automated modes. To illustrate the 
successive .steps in automated pellet 
produc t ion, let us fi rst go back to the glass 
spheres. Our current prodnc t ion oy tho drop 
generator tr.ethod produces batches in which 
80« of the sph"r**s com ng From the furnace 
ire tho correct diamPter, wall thickness, 
•:"• iformi ty, and surface finish to wet the 
¥:ry stringent requirements set by our 
:rtsigners. 

It is within the state-of-the-art to 
perform high-speed pulsed laser holography on 
the glass shells as they cone from the 
furnaces. By computer processing it should 
be possible, to check which two out of ten 
spheres would be rejected. (However, ue 
think sphere production can be significantly 
improved to give yields even higher than we 
have presently.) It is possible to fill the 
pellets witli fue 1 during the format ion 
process by the method which has been 
described for the filling of glass shells 
with argon and other gases. It may be more 
desirable to collect the spheres from the 
furnaces in batches and fill the spheres in 
large numbers. 

After the spheres are filled with fuel, 
they must be coated with layers of appropri­
ate materials. The coatings can he applied 
in fluidized beds or on a single sphere 
basis. Fluidized bed techniques need more 
development to achieve the surface quality 
ream'red. Mo Iecu! ar, atomic, or ion beam 
methods are sui tab lo for s i ngle sphere 
coating. We have a ring quadntpole suspen­
sion system which works well with beam 
depogit ion techn iques. Figure 6 i s a 
schematic of a system adapted from one of our 
presenL operating support and transport 
structures which has a 30 cm diameter, and in 
which we are able to suspend pellets in 
stationary positions or move them fron one 
loc.ition to another. The suspended pel lets 
can be coated at each of the locations by 
different ion or molecular beams and thus 
multilayer pellets can be produced at high 
rates. Multiple suspension-coating stations 
can be used if necessary to provide higher 
rates of production. 

7. CHARACTERIZATION 

The development of techniques by which 
pellets can be produced to designer specifi­
cations must be coupled to the development of 
means to characterize the pellets. The most 
used characterization methods are: optical 
microscopy, interference microscopy 

http://ri.it


Fig. 6. A b.T n processor for ICF pellet 
production. C" irĝ d pel lots are suspended in 
a dynamic elf eric quadrupole field in a 
circular cor ijuration and are moved around 
the circle y pulsed voltages applied to 
electrode inserted between sections of the 
rail sy< em. Coating beams of various 
materials are applied to th<- pellets through 
the spaces between the rails. 

(including both transmission and reflection 
types), micrc-ad ! oeraphy, arid scanning 
electron microscopy. T:> provide pellets with 
the highest poss ib] e> qual i ty for imp I os i on 
experiments, we must perform a complete 
quantitative study of the surfaces of every 
layer of every pellet and of the uniformity 
of every layer. An interference microscope 
study of a glass shell manipulated by hand 
can be very time rnnrmning. This is particu­
larly true at hi;-!; magnification. As a 
result of the need for a morn rapid handling 
system, wo have developed a sphere manipu­
lator which is controlled by a microprocessor 
which rotates the spheres through a 
prescribed pal tern of rotation in the field 
of view of an interference microscope. The 
manipulator r'-ducs the time for a full 
characterization of a sphere from several 
hours to a few minutes. 

Since we also utilize the scanning electron 
microscope ex ten ̂  i vely > we needed a s insi 1 ar 
manipulator for the SEM. To produce a set of 
photographs of the entire surface a 
150 ̂ m-diameter sphere at a nagniiication 
such that one picture covers a 3 .«m x 3^\m 
area on the sphere is a very time-consuming 
process. Each photograph take" few minutes 
including tine to manually sumjpulate the 
sphere to permit photography of a new area. 
We have automated the operation of the sphere 
manipulation and the SEM recording process so 
that a video tape of the entire surface of a 
sphere can be made by the SEM with no 
operator present. The recording of the 

complete surface of the sphere takes five to 
ten hours and provides resoltit ion su f f j c ient 
to detect 100 X irregularities on the sphere 
surface. 

In the process of producing a pellet for a 
laser fusion shot. every sphere and its 
coat ing 1 avers arc "£*f}~" characterized no 
determine the presence of any defects. If 
there are many defects larger than about 
300 A, the sphere nav be rejected. If only a 
few defects are present, say four or five 
defects which are 1000-2000 A\ the details of 
the i rregular i t i es arc exami ncd w;th the 
do si gners and a dec i «• i on i r- made to accept or 
reject the pel 1ft. The characterization is 
t imc consuni ng and exponsi ve and porn auto­
mated methods are coir.inr, on linn verv soon to 
cut the time for earb operation and to 
provide computer printed contour maps of 
every sphere. 

8. LASERS AND OTHER ICF PELLET IRRADIATORS 

There are currently several oper.it inĵ  
systems fop "i rradj^r i.ng ICF pellet-*;. >Vj«r of 
these are high power, high energv lasers. 
Somo high voltage e-beam driver:; are also 
operating as pellet drivers-

The major large laser systems are in the 
United States—the glass lasers at hiverraore 
and Rochester and the gas lasers at Los 
Alamos. There are also severs] high power 
laser fusion research systems operating or 
under construction in other countries 
including the Soviet Union. France, Great 
Britain, Japan, and China. 

There are high voltage e-tvam driver 
systems being used primarily for fusion 
studies at Sandia and in the Soviet Union-

The development of dnvrrs for irradiation 
of pellets to study inertial confinement 
fusion is an on-going process as is the 
development of pellet fabrication. Laser 
development is being done at several 
laboratories in the U.S. and in several other 
countries. High repetition rate glass 
lasers, C0 X, HF, KrF, and other gas systems 
are being studied toward the goal of 
producing the "Brand-X" laser suitable for 
reactor appli cat ions . Hi ph voltage e-benm 
machines, light ions, and heavy ions are also 
being studied as drivers for power system TCK 
pelletsi The development of suitable drivers 
for achievement of breakeven, for research 
into the phys ics of jmplos ion processes, and 
for future reactor systems will requiie 
material and scientific r.rsonnol rosoun.es 
and much ingenuity an creativity. In the 
glass laser field, there have been sicnifi-
cant advances in materials development. 
Phosphate and fluoroberyllate glasses have 
been improved and in many cases have bene­
ficially replaced silicate glasses in laser 

http://oper.it
http://rosoun.es


systems. Energy and power delivered to the 
pellet to achieve a breakeven implosion are 
in the 100-400 KJ, 100-400 TW range. There 
are currently no driver systems operating 
which are capable of delivering these high 
powers and energies to a pellet. To avoid 
lens, mirror, and amplifier damage in laser 
systems as energy and power are increased, 
beam aperatures must be increased. The 
production of optical elements at large 
aperature is very expensive and technically 
very difficult. To use many parallel beams 
Co achieve high energy and high power leads 
to problems of alignment, aiming, focusing, 
and reliability which are all present in 
single beam chains and obviously increase as 
more beams are added. 

It should not bo assumed that a change of 
driver type will eliminate all the problems. 
Ion beam systems and e-bcam systems have 
their own peculiar problems which must be 
solved before they can be considered as the 
reactor drivers of the future. 

9. CONCLUSION 

The conclusion to which we come as we study 
the problems of pellets and drivers— 
optical or otherwise—is that the tasks ;r» 
formidable! Pellet fabrication is not a 
trivial task as implied by some reports. It 
is also not the impossible task implied by 
others. We see no fundamental barriers to 
successful pel let fabrication. However, to 
produce some of the more complex designs will 
be technologically very difficult and will 
require some very good physics, chemistry, 
engineering, and material science 
developments. 

Driver technology must improve to reach the 
energy, power levels, and repetition rates 
necessary to achieve breakeven and 
Bubsequer""ly reactor class driver output. 
With sufficient committment of resources and 
dedication by creative scientists, the goals 
of inertial confinement fusion can be reached. 
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