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Fabrication of laser fusion targets requires a number of special 

techniques. We have developed both laser and spark erosion machining 

to produce minute parts of complex targets. 

A high repetition rate Y.A.G. laser at double frequency is used to 

etch various materials. For example marks or patterns are often neces

sary on structured or advanced targets. The laser is also used to thin 

down plastic coated stalks. 

A spark erosion system has "roved to be a versatile tool and we 

describe current fabrication processes like cutting, drilling and 

ultra precise machining. 

Spark erosion has interesting features for target fabrication : 

it is a highly controllable and reproducible technique as well as 

relatively inexpensive. 



I . LASER FACILITY 

Several laboratories have described previous experiments /_}/, 

[II where the laser was used as a tool for target fabrication. 

Ue have also developed such a system with a YAG laser 

oper«r *'n the TEMoo mode at double frequency : 0.53 un. 

The principal specifications are as follows : 

- 5 BJ per pulse, 20 nsec pulse width 

- firing rates of 3-6-12-25-50 Hz. 

It can be fired manually for special applications. 

Figure I shows a schematic of the focusing and viewing system. This 

optical arrangement has been specifically designed to achieve various 

spot shapes. In particular we can rotate the positive lens of the beam 

expander to change astigmatism. Table 1 gives the different shapes and 

spot sizes versus 0. 

© degree 
Spot 

Shape 
1 

Spot 
Sizes in urn. 

0e Circular 2.7 

2° line 5 * 3.7 

4° line 10 * 3.7 

6' line 20 * 3.7 

8° line 40 * 3.7 

TABLE 1 



II . LASER MACHINING 

The laser facility is being used to do a great number 

of conventional microscopic operations like cutting and drilling 

and typical examples of special machining on spherical and plane 

targets are described. 

Figure 2 shows a microshell mounted on a pyrex stalk of 

6-7 ym in diameter coated with 15 ira of p-xylene. The total diameter 

of the right portion of the stalk is in the range of 36-37 pm in 

diameter. Near the microshell we have used a defocused laser beam to 

vaporize the plastic on pyrex without modifying the shell spherical 

layer. 

It is often necessary to mark the focal point on a target 

with good accuracy- Using the same laser we car. vaporize a small 

portion of metal from a plane target in order to draw marks or patterns. 

Figure 3a shows the aicrovaporization of aluminum from a 

target and the formation of a reticle to get easy and precise posi

tioning of the target at the focal point of the large energy inte

raction laser. 

Figure 3b is a S.E.M. (Scanning Electron Microscope) 

photograph showing details in the removed material. 

III . ELECTRICAL DISCHARGE MACHINING 

A spark erosion system, also called electrical discharge 

machining (E.D.M.), is currently used for cutting, drilling and solving 

many problems which involve precision removal of tiny parts of elec

trically conducting materials. 



The nain advantages of the technique are due to the absence 

of mechanical contact between the electrode and the metallic workpiece, 

which allows to meet the requirements in a variety of metal work 

applications. 

The following examples are given to show typical results 

in target fabrication. 

The first experiment describes the simplest method for 

making a metallic hemispherical shell starting from a complete micros

phere. The metallic hemishell has been obtained by using a flat turning 

electrode. 

Figure 4 shows the result with a magnified view of the 

wall section. The electrode must be positionnée during erosion with 

an accuracy better than 5 ym to ensure the requested precision on 

radius. E.D.M. is also a classical technique often used to do small 

holes of high quality. We have drilled through a metallic microsphere 

(800 Pm outer diameter) two 80 ym circular holes on the same diameter. 

The result is show, in figure 5. It is obtained by using a conductive 

glue and a metallic 20 ym stalk to have electrical continuity. 

There are many other applications in the wide range of mask 

configurations. An example is given in figure 6. Using a 50 um thick 

copper foil we have first drilled a 500 ym circular hole and afterwards 

a right split 800 ym long and 50 Um wide with a small tungsten electrode 

40 ym in diameter. The mask is used in a vacuum deposition equipment 

to make circular plane targets from aluminum with a stalk. The major 

advantages of the technique are the following : 

- same material for stalk and disk 

- no glue between stalk and disk 



- simple configuration to solve a number of difficult assembly processes 

- decreasing the fabrication time by making easily ten or twenty targets 

during the sane deposition cycle. 

Finally it is possible to use E.D.M. like a milling 

machine to make 50 to 100 ym steps in various materials. Figure 7 

shows such a step in copper. 

IV - CONCLUSION 

Lasers and E.D.M. are both extremely useful tools for 

machining the small targets needed in inertial confinement studies. 

Lasers are currently used in a wide range of target problems and it 

appears that E.D.M. has a still vider range of applications for plane 

and spherical targets. The probleas of material deformation and tool 

breaking are practically eliminated as the electrode and the machined 

part are not in mechanical contact. 

In comparison with laser micromachining E.D.M. offers : 

- larger versatility with the possibility of new developments and 

applications 

- higher production speed for thin conducting materials 

- lower initial and operating costs 

- the processes are well controlled, reproducible and can be 

easily automated 

- the operation is safe without the dangers associated with lasers. 



FIGURE CAPTIONS 

Fig. 1 Scbenatic of the focusing and viewing optics 

Fig. 2 Vaporization of p-xylene on a pyrex stalk 

Fig. 3 Formation of a reticule onto a plane target 

a) general viev 

b) highly magnified viev 

Fig. 4 Metallic heaishell 

a) mechanical set-up 

b) general viev 

c) detail of vail thickness 

Fig. 5 Drilling of a metallic microsphere 

a) mechanical set-up 

b) viewing of upper and lower drilling 

c) magnification of the upper hole 

Fig. 6 Mask of copper used in vacuum deposition 

Fig. 7 Step 110 m high in copper 

a) mechanical arrangment 

b) S.E.M. photomicrograph 
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