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(54) Process for manufacture of iner-
tial confinement fusion targets and 
resulting product 

(57) An ICF fuel target comprises a 
spherical pellet (10) of fusion fuel sup-
ported by a membrane (14) and sur-
rounded by a concentric shell formed of 
two hemispherical segments (16,18).To 
manufacture the ICF fuel target hemis-
pherical cavities are formed in a subs-
trate which is coated with the material 
to form the shell segments. The hemis-
pherical shell segments (16,18) of a \ 
silicon or other substrate material are 
adhered to each other with the member 
(14) sandwiched between the segments 
and a fuel pellet (10) contained concen-
trically therein. 
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SPECIFICATION 

Process for manufacture of inertial confinement 
fusion targets and resulting product 

5 * 
The present invention is directed to targets for 
inertial confinement fusion (ICF) reactions and to 
processes for manufacture of such targets. 

Prior art techniques for providing ICF targets have 
10 generally been directed to low volume production of 

targets for research facilities, and have not been 
readily adaptable for high-volume low-cost produc-
tion for commercial reactor systems. Accordingly, an 
object of the present invention is to overcome this 

15 deficiency in the prior art and to provide a process 
for manufacture of ICF targets which is readily 
adaptable for high volume production of low cost 
targets in a wide variety of sizes. 

The present invention provides a process for 
20 manufacture of ICF fuel targets of the type which 

includes a spherical pellet of fusion fuel surrounded 
by a protective concentric shell comprising the steps 
of: forming a pair of hemispherical shell segments, 
suspending said fuel pellet within one of said shell 

25 segments, and joining said shell segments to each 
otherwith said pellet being contained concentrically 
therewithin. 

Thus the process of the invention can take advan-
tage of current technology utilized in production of 

30 solid-state integrated electronic circuits. 
The invention includes an ICF fuel target compris-

ing a spherical shell formed by a pair of opposed 
hemispherical shell segments, a centrally apertured 
membrane captured between opposed rims of said 

35 segments, and a spherical pellet of fusion fuel 
located within the membrane aperture and sup-
ported by said membrane concentrically within said 
shell. 

The invention will be further described by way of 
40 example, with reference to the accompanying draw-

ings in which: 
Figure 1 is an exploded view of a presently 

preferred embodiment of an ICF target provided in 
accordance with the invention; 

' 45 F/srure2 is a sectional view bisecting the target 
illustrated in Figure 1; 

Figure 3 illustrates presently preferred processes 
for manufacture of the ICF target illustrated in 
Figures 1 and 2; and 

50 __ Figtjres 4 and 5 collectively illustrate an alternative 
process in accordance with the invention. 

Referring to Figures 1 and 2, an ICF target in 
accordance with the invention includes a spherical 
pellet 10 such as a glass sphere or a shell containing 

55 fusion fuel (such as deuterium and tritium). Fuel 
pellet 10 may be provided in accordance with any 
one of a number of conventional techniques of 
which that disclosed in the United States patent of 
Smith etal 3,953,617 is exemplary. Fuel pellet 10 is 

60 located and held within the central aperture 12 of a 
support membrane 14. A spherical shell is formed by 
a pair of opposed hemispheric shell segments 16,18 
provided in accordance with the invention. As best 
seen in Figure 2, membrane 14 is captured or 

65 sandwiched between and thus joins the opposed 

hemispheres such that fuel pellet 10 is effectively 
supported by membrane 14 concentrically within the 
protective shell. 

The presently preferred process for manufacture 
70 of shell segments 16,18 is illustrated in Figure 3. A 

planar wafer 23 of silicon, for example, is first 
oxidized, and then one or more discrete layers 24,26 
of metal film and photoresists are deposited on the 
silicon material. The substrate materials are then 

75 processed by photolithographic or electron-beam-
lithographic exposure and development to form a 
maskforthe underlying substrate comprising a 
pattern of circular access openings 28 in metal films 
24,26. Openings 28 may have a diameter on the 

80 order of 125 microns or one-fourth the diameter of 
the desired hemispherical cavity, for example. The 
substrate material 23 beneath access opening 28 is 
then exposed to a conventional isotropic chemical 
etchant to form hemispheric pockets or cavities 30. 

85 The films 24,26 are then removed from the oxidized 
silicon substrate 23 to form a substrate mold having 
a plurality of hemispheric pockets 30 disposed 
therein. 

The substrate mold may then be doped by diffu-
90 sion or ion implantation with an etch resistant agent 

such as boron, as at 32, ultimately to yield shell 
segments 16,18 of substrate material, i.e., silicon. 
After boron doping of the cavities, all remaining 
oxide may be stripped from the wafer and the 

95 membranes 14 applied overthe shell segments. The 
central apertures 12 (Figure 3) are located and 
formed in the membranes 14 by means of a 
computer controlled electron beam. In mass produc-
tion of shells having the configuration illustrated in 

100 Figuresl and 2, it is contemplated that substrate 
wafers with the hemispherical shell segments still 
integral therewith may be coated with a membrane 
of material on the order of a hundred nanometers 
thick. After centering a fuel pellet 10 (Figures 1,2 and 

105 3) in each membrane aperture 12, the mating wafers 
are joined and sealed in sandwiched relation. The 
substrates are then removed by etching of the 
undoped silicon and the shells are separated to yield 
thousands of target assemblies 33 per pair of wafer 

110 substrates. 
Alternatively, as illustrated in Figures 4 and 5, 

discrete film or layer of desired shell material may be 
formed by electrodeposition or the like overthe 
mold surface and cavity. Where the film is non-

115 adherent or a mold release agent is used, the layer 
may be removed from the silicon mold and the 
hemispheric segments cut or preferentially removed 
therefrom. The mold substrate 23 may then be 
reused. Hemispheres may be formed in accordance 

120 with the invention of single-crystal silicon, germa-
nium, silicon dioxide, gold, copper, chromium and 
single crystalline materials. Sizes ranging from hun-
dreds to thousands of microns in diameter are 
contemplated. It is also envisioned that the process 

125 already demonstrated in accordance with the inven-
tion may be extrapolated to produce hemispheric 
shells in the millimeter size range. 

References: Weber et al, "Scanning Electron-
Beam System Turns Out IC-Wafers Fast", IBM 

130 Corporation Electronics, Nov. 10,1977; Yew, "Elec-
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tron Beam-Now a Practical LSI Production Tool", 
Solid State Technology, vol. 20, No. 8,1977 

CLAIMS 
5 

1. A process for manufacture of ICF fuel targets 
of the type which includes a spherical pellet of fusion 
fuel surrounded by a protective concentric shell 
comprising the steps of forming a pair of hemispher-

i c ical shell segments, suspending said fuel pellet 
within one of said shell segments, and joining said 
shell segments to each other with said pellet being 
contained concentrically therewithin. 

2. A process as claimed in claim 1 wherein said 
15 hemispherical shell segments are formed by form-

ing a pair of hemispherical molds in a substrate 
material, forming in said molds thin films of desired 
shell material, and removing said films from said 
molds to form said pair of hemispherical shell 

20 segments. 
3. A process as claimed in claim 2 wherein said 

thin films are formed in said mold by doping the 
mold surfaces with an etch resistant agent, and 
wherein said thin films are removed from said molds 

25 by chemically etching said su bstrate to form hemis-
pherical segments of doped substrate material. 

4. A process as claimed in claim 2 wherein said 
thin films are formed in said molds by depositing a 
discrete layer of desired shell material in said molds. 

30 5. A process as claimed in claim 2 ,3 or 4 wherein 
said hemispherical molds are formed by depositing 
a metal film on a working surface of said substrate 
material, photolithographically or electron-beam 
lithographically forming in said metal film a mask for 

35 the underlying substrate material through said mask 
to form hemispheric cavities, and then removing 
said mask. 

6. A process as claimed in any of claims 1 to 5, 
wherein said fuel pellet is suspended within one of 

40 said shell segments by forming a centrally apertures 
membrane and locating said pellet in the membrane 
aperture; and wherein said shell segments are 
adhered to each other with said membrane posi-
tioned therebetween. 

45 7. A process as claimed in any preceding claim 
wherein said substrate material is silicon. 

8. A process as claimed in claim 7 wherein said 
shell segments are constructed of single-crystal 
silicon, germanium, silicon dioxide, gold, copper, 

50 chromium or plastics material. 
9. An ICF fuel target comprising a spherical shell 

formed by a pair of opposed hemispherical shell 
segments, a centrally apertured membrane captured 
between opposed rims of said segments, and a 

55 spherical pellet of fusion fuel located within the 
membrane aperture and supported by said mem-
brane concentrically within said shell. 

10. A process for manufacture of ICF fuel targets 
substantially as herein described with reference to 

60 the drawings. 
11. An ICFfuel target manufactured substantially 

as herein described with reference to and as illus-
trated in the drawings. 
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