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I. INTRODUCTION 

We shall describe our efforts and the present state of research 

in our laboratory for the production of inertial confinement fusion targets. 

From year to year we have produced a wide variety of spherical 

and plane targets, for experiments with P 102 (50 J, 1 ns, single-beam) and 

OCTAL (1.6 kJ - 1 ns, e .ght beams). In addition we maintain some basic 

studies for producing advanced targets needed for the future. 

A summary of typical areas, previously investigated, including 

new developments, is as follows : 

- production of hollow glass microspheres, having wide outside 

diameter range and aspect-ratio, using dried alcogels, 

- preparation and fabrication of low density foams having plane 

or hemispherical shape, 
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- deposition of a wide range of conductive materials as well as 

silicon and organic polymers, 

- development of laser and spark erosion machining which are 

useful tools for producing minute parts of complex targets, 

- characterization and analysis of plastic or metal coated 

targets, are done by using interferometry techniques and X-ray image 

analysis as well as X-ray absorption measurements. 

II. FABRICATION OF GLASS MICROSPHERES 

II.I. Summary 

The production of glass microspheres for laser fusion targets 

needs a wide range of diameter and chemical composition, a good surface 

finish and thickness uniformity l_\ I. 

Recent experiment has been done to study dried alcogels process [21 

Classical alcogel concept and various glass composition are used 

in order to produce with the same high temperature vertical furnace micro

spheres having the following specifications : 

- outside diameter 50 >$ 2 R ̂  500 ym 

- wall thickness ] to 20 p 

- concentricity better than 5 % 

- aspect ratio 50 •£ jjr 4 500 
s 

- surface finish, peak to peak ̂  300 A. 

To get these results it is necessary to study the following 

parameters : 

- the dried gel composition in conjunction with DT fill retention 

- selection and cleaning of the dried alcogel 

- flow rate measurement of water vapour or helium in the furnace 

- profile temperature of the furnace 
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At first it is necessary to determine a frit composition having 

chemical and physical properties in agreement with the formation of glass 

bubbles. A low viscosity at 1500°C and a surface tension gradient decreasing 

from the outside to the inside are the best conditions for successful fabri

cation of glass microspheres. 

During the bubbles formation through the hot zone (1500°C) signi

ficant loss of sodium, potassium, boron occurs by vaporization in the 

furnace, changing the final glass composition. Experience with a partial 

pressure of water vapour or helium £3/ has shown that it is possible to 

increase the average diameter of the glass by a factor 2.5 due to a lower 

viscosity and surface tension at the glass surface. 

II.2. Furnace description and experimental results 

The small particles of gel are introduced in a vertical ceramic 

tube 3.3 m long and 0.07 m in diameter heated at 1500°C by four ovens 

shown in Fig. 1. A water vapour generator is located at the top of the 

tower furnace with a careful control of the gas flow. 

We have indicated in the Fig. 1 a possible scheme of the bubble 

formation during the transit time in the furnace. To explain this process 

it is possible to show the mechanism by the mean of a very simple experi

ment. We used a substrate of tungsten coated with carbon and heated by 

electrical current at 1500°C. If a dried-gel granule located on the 

substrate is examined with a microscope it is possible to observe the 

various phases given in Fig. 1. Fig. 2 shows a comparison between micro

spheres produced in our furnace using the same dried-gel. The basic compo

sition in weight per cent of the frit is as follows : 62 % Si02, 20 % K2O, 

10 % Na20, 8 % B2O3 and urea. By replacing air atmospheric pressure by air 

with water vapour (partial pressure 10 - 20 %) we have been able to produce 

large microspheres (300 - 500 ym in diameter) with thin walls (0.5 to 3 pm 

thick) . 
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Fig. 3 shows a typical range of shell diameter obtained as a function of 

frit size for a furnace temperature of 1500°C. The major conclusion from 

this study is to show that it is possible to obtain a great variety of 

microspheres dimensions using the same vertical furnace and water vapour 

for the fabrication of the largest shell size. 

To complete this study the problem of the retention of hydrogène 

isotope during a period of time in agreemant with experiment, has been also 

investigated for the microspheres fabricated in the laboratory. 

Table 1 presents different frit i omposition _/4/ and the effect on 

concentricity and retention time is given. 

( COMPOSITION SAMPLES 

( WEIGHT PER CENT 
a b : c ) 

( . % Si02 62 : 62 : 62 ) 

( % K 20 20 20 : 20 ) 

( Z Na20 10 8,5 5 ) 

( % B 20 3 8 8 8 ) 

( % CaO 0 1,5 : 5 ) 

( urea : yes : yes : yes ) 

( concentricity ' excellent : good : bad ) 

( 1/e time retention 
( at 20°C (days) 4 - 5 : 15 ; 8 - io j 

TABLE 1 

Results on shell samples from different frit compositions 
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To maintain good geometrical properties and also to improve 

the time retention it is easy to add a few percentage of calcium oxide 

and it is also necessary to maintain the DT filled microspheres at low 

temperature (- 60°C). 

Finally we have used electron microprobe measurement to 

determine the final composition of the microspheres- The results indicate 

a percentage of SiC>2 in the range of 95 - 100 % for the sample a, the 

measured time retention of 5 or 6 days is in good agreement with calcula

tion using Fick's first law. Figure 4 shows theoretical and experimental 

results on microballoons having the following specifications : 

- outer diameter 120 pm 

- wall thickness I \\m 

- external pressure 1 atm 

- inside pressure 20 atm 

- temperature 300°K 

The six theoretical curves gives the residual pressure versus 

time for different various percentage of SiC>2 in the range 95 - 100 7.. 

The measurements obtained from three microballoons are shown with triangle 

closed and open circles. These data shows a fast decay in agreement with 

a high percentage of silica in the range 95 - 100 % due to significant 

loss of other oxides. 

The presence of calcium oxide in sample b increased the fuel 

retention as it is shown in Fig, 5. 

III. METAL AND ORGANIC POLYMER COATINGS 

III.l. Sputtering and vacuum deposition for metals 

Several coating techniques are used for a variety of metal depo

sition on spherical and plane targets /5/ D.C. and R.F. sputtering are 

routinely used for spherical deposition of high and intermediate Z ma-



pressure (atm) 

o l\3 ^ O) CD o l\D -^ 0) 00 
1 1 1 1 • • • • 

- • 
as i 

l\û • 
O 

CD 

• S ° • / / > 

CD 

4 
(days) 

• / 7 

en • t> I 

o 
"oo / 1° / • 

/ ^ 

- N | 

6 
• 

o o 
1° 1 • / 

/ à 
/ <o 

1 ^ i 
0 s / 

00 o^ lk) fl i • -J—Li— _ L _ • h If • • 

O 



10. 

20 • • • • • • 

- . 15 
£ 

• 
• 

-

CO 
*—" 

pr
es

su
re

 

- ^ * -

• • i • • • • 

1 2 3 4 5 6 7 8 9 10 
time (days) 



11. 

terials like gold, nickel, aluminum and silica, whereas vacuum deposition 

is appropriate for the fabrication of special plane targets. 

Sputtering has many advantages over other methods when it is 

necessary to coat microspheres. The short molecule mean free path (̂  1 mm) 

enhance the homogeneity and the uniformity of layers on spherical substrate. 

In the same manner, we have investigated to produce conical alumi

num target by using sputtering with the following procedure : 

- micro-machining of a plexiglass mandrel 

- deposition of aluminum on the mandrel by sputtering ; 3 - 10 um 

thick 

- dissolution of plexiglass in a solvent (trichlorethylene) 

The schematic of the anode in shown in Fig. 6 and the experimental 

conditions are as follows : 

- working pressure 5.10 - 3 Torr 
0 O 

- deposition rate 350 A.min - 1 with 100 A.min"1 at the beginning 

of the deposition 

- anode temperature - 30 rC. 

After washing in alcohol and drying, the SEM photomicrograph in 

Fig. 7 shows the experimental result. 

Using the same vacuum vessel it is possible for special application 

to use the classical vacuum deposition to produce for example aluminum 

steps of 5 - 10 p high. We have successfully obtained such targets by 

using a polished copper substrate with two masks. 

The schematic of the substrate assembly is shown in Fig. 8 and 

the experimental conditions for such targets are as follows : 

- working pressure 10" 6 Torr 
a 

- deposition rate 500 A.min"1 

- substrate temperature - 50°C 

The S.E.M. photomicrograph of the step 7 ym high is shown in Fig. 9 
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111.2. Organic polymer coatings 

We have conducted preliminary experiments to coat a few number 

of microspheres in gas fluidized-bed. The schematic of the screen bouncer 

cage we used for polymer coatings _/6/ of ten preselected microspheres is 

given in Fig. 10. 

The reaction chamber (T) is a glass tube 30 mm long 12 mm in 

diameter. Two metallic screens (electrode discharge) (5J at the end of 

the glass tube are maintained by the end plates © and © . The monomer 

is introduced at the lower part of the vessel \6J . This design has been 

done to eliminate loss of targets during coating. 

The experimental conditions routinely used to coat the micro

spheres are the following : 

- working pressure 0.4 Torr 

- mechanical vibration 25 Hz 

- electrical frequency 4 kHz 

- working temperature of monomer - 30°C 

- deposition rate 0.8 ym.h"1 

- gas discharge in mole per cent butène 40 %, hydrogène 60 %. 

An example of the result we obtained with this process is given 

in Fig. 11. The microradiography of a glass microballoon coated with 7 vim 

of butène 1, shows a good uniformity and the SEM an aspect of surface 

finish on piece of broken microballoon. This system maintain a good 

bouncing motion of the microspheres during polymer deposition, no sticking 

is observed and it is easy to recover the ten preselected microspheres. 

111.3. Low density foams 

One method proposed for making low density foams is to used the 

freeze-drying techniques 111. We have modified the previous basic process 

in order to machine 18/ foam target of various shape from an ultra-precision 

single point diamond lathe. 





(a) 16. 

(b) 

1gm 



17. 

First, we used the previous technique which is not modified, to 

produce a droplet of low density dextran foam with a very uniform structure 

and small regular cells. 

In the second step the summary of operations is as follows : 

- the droplet of dextran-foam is soak into liquid bi-benzyl 

at 60°C 

- the droplet is warm up at room temperature, the matrix of 

dextran is impregnated by the solid bi-benzyl 

- the two components dextran and bi-benzyl are machined with 

an ultra-precise lathe 

- after machining the bi-benzyl is sublimated under vacuum, leaving 

a matrix of dextran having the required geometrical shape. 
2 3 

A dextran foam target of 5.10" g.cm- with cell size of the 

order of 1 ym is shown in Fig. 12. This process will provide many of the 

special shapes needed for complex targets with previous dextran foam pro

perties. 

IV. MICRO-MACHINING 

Several techniques are used in target fabrication for cutting, 

drilling and solving various special machining which involve precision 

removal of tiny parts of materials /9/. 

To approach the problem we have first developed laser machining 

with a Y.A.G. laser operating in the TEM (00) mode at double frequency. 

The main specifications are as follows : 5 mJ per pulse, 20 ns pulse 

width, the second approach used a picosecond YAG laser with the same 

viewing system and focusing optics. 

An example of special drilling on a glass microballoons is given 

in Fig. 13. This technique can be used to fill glass microballoons with 

heavy gases not permeable through the wall /10/. 
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Another attractive device we have successfully adapted for 

machinging is a spark erosion system. In comparison with laser the 

electrical discharge machinin» is a competing technique for conduc

tive materials. In the wide range of applications, we shown in 

Fig. 14 a mask made in a 50 vim-thick copper foil. We first drilled a 

500 ym circular hole and afterwards a right split 800 ym long and 50 -

55 vim wide with a metallic foil electrode 50 vim thick. The mask is used 

in vacuum deposition equipment to make circular plane targets. The same 

material can be used for the stalk and, there is a simple configuration 

to solve a number of difficult assembly processes and the fabrication time 

is decreased by easely making ten or twenty targets during the same depo

sition cycle. 

V. CHARACTERIZATION AND ANALYSIS 

The characterization of the various type of laser fusion targets 

l\\I is an important point of our research effort. 

For non destructive measurements of glass microballoons we have 

modified a classical Twyman-Green microscope interferometer, to improve 

velocity and accuracy of interference methods. The new optical design is 

given in Fig. 15 where the interference pattern of a target is analysed 

by a photodiode array. 

An example of the signal we can obtain with the photodiodes 

accross the microsphere diameter is given in Fig. 16 with a 90° rotation 

on the fringes, we make two orthogonal measurements across diameter of 

the ball with an accuracy of 1 - 2 % for outside diameter, 5 % for wall 

thickness and non concentricity. 

For metallic coatings (/u, Cu, Al, ...) a special apparatus has 

been designed and constructed to measure opaque coatings deposited onto 

glass microballoons. As shown in Fig. 17.a we use a classical X-ray tube 

in a vacuum chamber and the images are recorded on the HRP plates with no 
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An example of such image is given in Fig. 17.b where a glass 

microsphere is coated with 3 Jim of gold. The small image is then enlarged 

through a classical transmission microscope and a rapid analysis of the 

figure is done by a reticon camera. The Fig. 18 shows a microballoon on 

the H.R.P. plate, for calibration we used several steps of the same 

materials prepared by vacuum evaporation and measuring by using a mecha

nical probe. 

The diameter densitometer scan shown in Fig. 19 is analysed by 

an automatic data processing system in order to determine from a theoretical 

model the non concentricity. This last method and the interferometry 

gives a similar accuracy of few percent on the diameter and thickness 

measurements. 

Finally we used X-ray absorption ̂ 13/ in characterization of 

both plane and spherical targets. When thickness and thickness unifor

mity cannot be obtained by optical means, X-ray absorption measurements 

are adequate for such targets and also for non-destructive measurements of 

heavy gas fill pressure in glass microballoons. The experimental set-up 

is shown in Fig. 20 gives the transmission ratio I/I0 * exp. - ppx for 

chromiun Ka line (5.4 keV). y is the mass absorption coefficient, func

tion of the material and wavelength of the X-ray beam, p and x are the 

specific gravity and thickness of absorbing layer. 

As an example, this apparatus is used to measure argon pressure 

inside glass microballoon without breaking them. Fig. 21 shows the absorp

tion as a function of inner argon pressure in a microchamber 100 ym 

thick closed bv two mica windows (15 ym thick). From this experiment 

We found a threshold of 4 M bar for argon. Finally argon pressure 

measurement is easily done with a precision of 1 bar taking into 

account the absorption due to the glass wall. 



25. 

(a) X rays 

thickness 
calibration 

T y T T 
N\\\\\\\\\\\\\\\\\\\\\^^^ 

HRP plate 



200 400 600 
diameter densitometer scan (jjm ) 

800 



27. 

ABSORBER ARM 

X-RAY DIFFRACTION TUBE 

VANADIUM FILTERS 

TO ELIMINATE KnLINE 

REFERENCE ARM 

REMOVABLE SAMPLE HOLDER 

CHROMIUM TARGET 

PLATINUM PINHOLE 

1&2 XENON FILLED 
PROPORTIONAL COUNTERS 

TO DETECTOR 

BEAM SIZE 
13 microns 

P-t PINHOLE 
10 microns 

TO X-RAY SOURCE 



28. 

5 10 15 
pressure (atm) 



29. 

REFERENCES 

Laser Program Annual Report 1980, Lawrence Livermore National 

Laboratory, Livermore, Calif. 

UCRL - 50021 - 80, pp. 4-3 to 4-6 

Annual report on laser fusion research 1977 

KMS Fusion, Inc. Ann Arbor, Michigan, 

KMSF - U 762, pp. 1-2 to 1-24 

P.R. ANDERSON, W.J. MILLER, B.O. HOMYK 

KMS Fusion Inc., Ann Arbor, Michigan, 

American Ceramic Society, Mai 1981 

P. GARNIER 

Private communication,Saint-Gobain Recherche, 

39, quai Lucien Lefranc, 93304 Aubervilliers Cedex 

Laser Program Annual Report 1979 

Lawrence Livermore National Laboratory, Livermore, Calif. 

UCRL 50021 - 79, pp. 4-8 to 4-26 

R. LIEPINS, M. CAMPBELL, J.S. CLEMENTS, J. HAMMOND and R.J. FRIES 

Plastic coating of microsphere substrates 

J. Vac. Sci. Teciinol., 18 (3) April 1981 

A. COUDEVILLE, Ph. EYHARTS, J.P. PERRINE, L. REY and R. ROUILLARD 

Coating laser microspheres with homogeneous low density foam 

J. Vac. Sci. Technol., 18 (3), April 1981 



30. 

_/87 A.T. YOUNG, D.K. MORENO, R.G. MARSTERS 

Preparation of multishell ICF target plastic foam cushion materials 

by thermally induced phase inversion processes 

J. Vac. Sci. Technol., 20 (4), April 1982 

/9/ X. CLEMENT, A. COUDEVILLE, Ph. EYHARTS, J.P. PERRINE, R. ROUILLARD 

Target fabrication using laser and spark erosion machining 

J. Vac. Sci. Technol., 20 (4), April 1982 

£\0/ H.W. DECKMAN, J.H. DUNSMUIR and G. HALPERN 
Exxon Research and Engineering Company, Linden, New Jersey 07036 
J.P. DRUMHELLER 
Laboratory for Laser Energetics, University of Rochester, Rochester 

New-York 14623 

J. Vac. Sci. Technol., 18 (3), April 1981 

[\\ I Laser Program Annual Report 1979 Lawrence Livertnore National Laboratory, 

Livermore, Calif. UCRL - 50021 - 79, pp. 4-35 to 4-51 

[\2I D.M. STUPIN, K.R. MOORE, G.D. THOMAS and R.L. WHITMAN 

Automated computer analysis of X-ray radiographs greatly facilitates 

measurement of coating thickness variations in laser fusion targets 

J. Vac. Sci. Technol., 20 (4), April 1982 

/.13/ X. CLEMENT, A. COUDEVILLE, Ph. EYHARTS, J.P. PERRINE, R. ROUILLARD 

X-ray absorption in characterization of laser fusion targets 

29 t h National Vacuum Symposium 

American Vacuum Society, 16-19 Nov. 1982, BALTIMORE, Maryland, U.S.A. 



FIGURE CAPTIONS 

1 Schematic of the high temperature furnace 

2 Microspheres made by the dried gel process 

a - dried gel particles 

b - blowing without water vapour 

c - blowing with water vapour 

3 Microballoons diameter versus gel dimension 

4 Deuterium outgassing from glass microballoons 

5 Deuterium retention versus time for microballoons 120 urn 

in diameter at 20°C 

6 Schematic of the plexiglass cone assembly 

1 machined and polished mandrels of plexiglass 

2 cold mandrel carrier 

7 Thick aluminum coating on conical plexiglass mandrel and 

surface finish 

8 General assembly of the anode 

J first and second conductive mask 

2 under coating 

3 clean polish substrate 

4 metallic substrate carrier 
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Fig. 9 Aluminum step of 7 urn high 

Fig. 10 Screen bouncer cage for polymer coating 

1 glass tube, 30 mm long, 12 mm in diameter 

2 10 preselected microspheres 

3 end plate in connection with an electromechanical shaker (25 Hz) 

4 upper and plate 

5 upper and lower screens 

6 gas inlet (butène 1 and hydrogène) 

Fig. 11 Polymer coating 

a - microradiograph showing butène 1 coating 

b - S.E.M. of the surface finish 

Fig. 12 Machined plane target of dextran foam 

a - general view 

b - S.E.M. showing small cell size 

Fig. 13 3 ym diameter hole drill in a glass microballoon 

Fig. 14 Fabrication of a copper mask 50 ym thick used in a vacuum deposition 

Fig. 15 Schematic of the modified Twyman-Green microscope 

Fig. 16 Interference measurement of transparent targets 

a - interference pattern of uniform microballoon 

b - light intensity versus location for a glass microballoon 
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Fig. 17 X-ray measurement 

a - experimental set-up 

b - microradiography of a glass microsphere coated with 3 \xm 

of gold 

Fig. 18 X-ray path 1 ngth and thickness calibration 

Fig. 19 Optical density for a non-uniform raicroballoon 

Fig. 20 Schematic of the experimental set-up based on monochromatic 

X-ray absorption 

Fig. 21 Absorption of argon filled microchamber as a function of the 

inner pressure 


