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FOREWORD

Ideas and techniques on the preparation and standardization of

nuclear targets were exchanged at the fifth annual conference of the

International Nuclear Target Development Society held at the Los

Alamos Scientific Laboratory (LASL) on October 19 - 21, 1976. The

conference was sponsored jointly by the Physics Di~ision and the

Chemistry-Nuclear Chemistry Division. Participants were from LASL

and twenty-one other laboratories including six from foreign countries.

These Proceedings represent a compilation of most of the papers

presented at the Conference. Three papers presented orally are not

included because they have been published elsewhere as noted in

their abstracts. In addition, two papers were contributed for the

Proceedings, but they were not presented orally (Stoner and Bashkin

and Saettel). Papers are reproduced as received from the authors.

The discussions following the papers have been summarized and

appear in the back of the Proceedings. Unfortunately the first

morning’s session was not recorded on tape; therefore these discussions

are not available. TWO of the planned discussion sessions are repre-

sented by papers in the body of the Proceedings (Anderl and Heagney),

while the discussion following Heagney’s paper appears in the back.

The other discussion sessions (Perry, Riel, Gursky) include contri-

butions from many people. In reporting the session, a presentation

by the session leader is followed by a discussion summary. In addition,

an abstract of J. Gallant’s work, described by Wayne Perry, is included

in the Proceedings.

Judith C. Gursky

John G. Povelites

Co-Chairmen

iv
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THE SELECTION, CHARACTERIZATION A[4D COATING OF

LASER-FUSION TARGETS*

by

R. Jay Fries

University of California
Los Alamos Scientific Laboratory

Los Alamos, New Mexico 87545

ABSTRACT

In this paper, I will describe some of the techniques we have

developed to fabricate targets for the Los Alamos Laser Fusion program.

These laser-fusion targets are essentially microminiature packages of

50:50 deuterium:tritium mixtures. They are zapped with our high-power

short-pulse lasers to compress them to 103 to 104 times normal liquid

density and to heat them to temperatures of several kilovolts. Under

these conditions the deuterium and tritium undergo a fusion reaction

to produce helium 4 plus a neutron plus energy. Calculations indicate

that with sufficiently large lasers we will be able to get back more

energy than vie put in and therefore have a source of fusion power.

* Work performed under the auspices of the U. S. Energy Research and

Development Administration.



Although our lasers have very high power outputs, their energy output

per pulse is very small. As an example, we have under construction an

eight-beam C02 laser, illustrated in Fig. 1, that will have a power output

or from 10 t~ 40 terrawatts, which exceeds the power generating capacity

of the entire United States. However, the energy per pulse is only 10 kJ

which is just about enough to warm up your morning cup of coffee by about

10° c. As a consequence, laser-fusion targets cannot contain much mass and

we find ourselves working in a microminiature world.

I will first describe in detail how we fabricate one type of laser-fusion

target, known as the ball-and-disk type, to introduce you to our micro-mini

world. Then I will describe some of the novel techniques we have developed

to coa’t laser-fusion targets with metals and dielectrics.

A schematic of one of our ball-and-disk targets is shown in Fig. 2. This

target was invented at LASL to overcome the problems of nonsynlmetric illumination

by only one or two laser beams. The DT fuel is contained as a high-pressure gas

inside a glass microballoon. A disk of low-z material covers the area surround-

ing the pellet. In use, this disk is vaporized by a laser prepulse to form a

plasma which has a very high energy conductivity. This high-conductivity plasma

then allows the energy from the main laser pulse to couple uniformly to the

pellet over its entire surface. The outside surface of the glass microballoon is

heated by this plasma and streams .away from the pellet like an ablator. This

imparts a rocket reaction force to the remainder of the shell, called the pusher,

and thus implodes it, compressing and heating the DT fuel. This technique is

known as ablation-driven compression.



The glass microballoon is typically 40 to 60 microns in diameter with

a one- to two-micron-thick wall. In order to avoid the development of

instabilities during the compression, the microballoon must be highly spherical

and have uniform wall thickness.

The support film should minimize the mass of extraneous material in the

vicinity of the target. liehave developed a duplex plastic film which supports

the target rigidly, provides a substrate for the disk and acts as a glue to

hold the microballoon in place. This film is a laminate of polystyrene and

nitrocellulose with a total thickness of about 100 nanometers. The low-z

absorber diskis usually one micron of polyethylene that is vapor deposited from

the same direction as the laser beam. In Fig. 3, we show a photomicrograph of

one OF these ball-and-disk targets. In this case we used a gold disk to enhance

its visibility.

The largest part of the effort required to fabricate this target is the

selection and characterization of the glass microballoons. In Fig. 4 we show

a close-up of one

with a 1.5 micron

hair, as shown in

of these microballoons. This is 40-micron-diameter microballoon

wall . It weighs about 30 nanograms and is smaller than a human

Fig. 5.

And now,

have threaded

shown in Fig.

just to emphasize the Iilleputian nature of our microballoons, we

our hair through the eye of the smallest standard sewing needle as

6.

Glass microballoons are made by several different companies for use as

fillers and density-control additives for plastics. They are available in minimum

orders of 2 tc 10 pounds. And at a density of 10’0 balls per pound, that is a

lot of microballoons. However, most of these are not suitable for use as laser

targets. Although we have not actually counted the bad ones, one in 106 or 107
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is a conservative estimate for the fraction of good microbal eons. That

still leaves 1000 to 10,000 good balls in each one pound batch. So the

only problem is how to find the good ones.

In Fig. 7 we outline the process we use to find the good microballoons.

I will describe each one of these steps in detail below. For now, I want

you to notice that we first use three batch processes to increase the

fraction of good microballoons that are present in

we must start examining the microballoons one at a

terization and measurement. In all of these techn”

the seemingly perverse character of these very ligl

the batch; after these,

time for quality charac-

ques we must account for

t microballoons for which

electrostatic, surface tension and aerodynamic forces greatly exceed gravita-

tional’ effects.

The first batch process, shown in Fig. 8, is size separation. Normal

screening methods are greatly hampered by the tendency of dry microballoons

to agglomerate strongly when shaken and the tendency of wet microballoons to

float. We have, therefore, used the bouyant forces in a float screening

method as shown in the figure. The microballoons are introduced under an

inverted screen stack which is immersed in ethanol in an ultrasonic cleaner.

Bouyancy provides the driving force and the ultrasonic motion provides agitation.

This method gives very efficient screening. It also eliminates broken pieces

of microballoons and any microballoons containing large holes. The method is

used a second time later after the crush test, described below, to separate

good balls from broken pieces.

Once the microballoons are separated by size, their particle density is

a measure of their wall thickness. The density of microballoons of interest

is less than 0.5 g/cm3, too light for the use of any liquid density separation

4



methods. Therefore, we use a gas density separation technique in an apparatus

shown schematically in Fig. 9. We charge a batch of sized microballoons into

this chamber and pressurize it with SF6 gas until the desired density is

reached. Microballoons with a density less than that of the gas float upward,

up by the collector cone and gather at the top of the upper glass cap. A

vibrator is used to help discourage agglomeration by providing periodic agitation

to the vessel. Then, after all of the floaters have collected at the top of the

vessel, the pressure is reduced and the microballoons fall into the collector

cone. Again, a little buzz from the vibrator is helpful. These microballoons

are then removed from the cone prior to repressurizing to a higher pressure for

the next density cut. Here again, since we collect only microballoons that float,

those with small holes are removed from the batch in this step.

After the float screening and this density separation, the diameter and

average wall thickness are known and the spheres can be sorted for use as targets.

However, we would like to obtain the highest possible yield of good microballoons

from our one-at-a-time inspection. Therefore, we employ one additional batch

process, and subject the microballoons to a high external gas pressure. As shown

schematically in Fig. “1O, this creates larger stresses in the imperfect microballoons

than in the perfect ones and we can thereby preferentially crush the lower quality

balls. We generally choose a pressure that crushes 90 to 95% of the microballoons.

This increases the number density of good microballoons in the surviving batch by

a factor of 3 to 4.

As mentioned above, after this crush test, the spheres are separated from

the shards in a separator funnel and the microballoons are then rescreened by

float screening under ethanol to remove small adherent chips.
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At this point, we have completed the batch processing and must now go

to the one-at-a-time inspection technique, as shown in the processing flow

diagram in Fig. 7. If the microballoons are transparent glass such as we

have been discussing, we use optical interferometry to select high-quality

microballoons and measure their wall thickness. If, on the other hand, the

microballoons are metal or otherwise opaque we use x-ray microradiography

for this purpose.

In this latter case, we lay out a 10 by 10 array of microballoons on a

thin film of mylar that is stretched across a frame. A microdrop of light

oil holds each ball in place by surface tension. The array is made by re-

moving microballoons from a dish under the microscope with a tool made from

a sing!!e

we slide

into its

array is

p-ieceof camel ’shair glued to the end of a dissecting needle. Then

the array holder under the microscope and deposit the microballoon

proper place in the array with our camel’s hair. When complete, the

placed against the emulsion side of a Kodak HRP plate and irradiated

in vacuum by an x-ray source about one-half meter away. In Fig. 11, we show

typical radiographic images of a good microballoon on the left and a bad one

on the right.

Now, with glass microballoons, we have found that it is faster and more

precise to quality select and measure wall thickness by optical interferometry.

For this inspection we spread out the microballoons on a glass microscope slide

and use a Jamin-Lebedev interferometer attachment on our Zeiss research microscope

to examine the balls. A field of balls on the stage of the interferometer is

shown in Fig. 12. If the microballoon is spherical with uniform walls, we will

see circular interference fringes that are concentric with the outside of the

microballoon. If the microballoon is not spherical or if the walls are not



uniform, the fringes will be noncircular and/or nonconcentric. There is

only one high-quality microballoon in this figure, the one in the upper

left corner. Most of the rest range from bad to horrible. In Fig. 13,

we illustrate one of the oddities that we sometimes encounter. This

microballoon has a very nonuniform wall thickness but the nonuniformity

is very symmetrical. liemight be able to use this type to compensate for

some asymmetries in the laser energy input. Except that we’ll probably

never find another one like it.

Acceptable microballoons are removed from the interferometer micro-

scope stage with our camel’s hair tool or from the radiograph array with

a micro vacuum pipette. If necessary, they are cleaned in acetone and then

placed into a glass capillary to be loaded with DT fuel.

The microballoons are filled with the desired density of DT fuel gas

by permeation through the wall at elevated temperature. The capillary

containii?g the selected microballoons is placed in a steel vessel that is

then pressurized with DT gas and heated to the desired temperature. Usually

24 h at 400° C is sufficient to fill any of the glass microballoons that we

use. And inthis case, nature smiles on us because at room temperature these

glass microballoons retain the DT fuel gas with a half-life in excess of one

year. Following cooling and depressurization, the microballoons are Floated

out from the capillary in acetone and mounted for use as targets.

The target holder consists of a strip of molybdenum foil with a 4-mm

hole near one end where the target is mounted. A thin polystyrene film is

picked up from a water surface so that it covers the hole in the molybdenum

sheet. A thin nitrocellulose film is then laminated to the polystyrene, also

by picking it up from a water surface. A DT-filled microballoon is then placed

7



near the center of the kwu hole on the polystyrene side of the film. Here

again, our camel’s hair tool is used to position the microballoon on the

plastic film. With the ball in place, the target holder is placed on a

hot plate at.’.,150°C for about 30 seconds. This heating stretches the plastic

films tautly across the hole and softens the polystyrene which serves to glue

the ball to the films. The nitrocellulose supports the entire assembly during

this processing.

The mounted target is then placed in an x-ray counter shown schematically

in Fig. 14 to assay the tritium content of the microballoon. If this is

satisfactory, the absorber disk is then applied. To do this, a mask with a

200 micron diameter hole is centered over the ball and this assembly is then

mounte’d ima vacuum evaporator. Polyethylene is boiled in a resistance-wire-

heated crucible located below the target mask assembly. This creates the

polyethylene vapor beam that deposits through the mask to create the disk and

the cap on the front of the ball.

Figure 15 shows another completed ball-and-disk target. The ball has been

nickel coated here to increase its mass. The colored rings in the polyethylene

disk arise because of light interference effects. In Fig. 16, we show a two-

beam ball-and-disk target using a plain glass ball and a polyethylene disk. In

this case, the microballoon is supported by sandwiching it between two nitro-

cellulose films so that the equator of the ball is in the plane of the support

film, and polyethylene disks are deposited on both sides of the support film.

Sometimes, for other types of experiments we mount microballoons on glass

posts or stalks, as shown in Fig. 17. The stalk tapers down to be about 5

microns where it attaches to the ball. The two are glued together with a fast-

setting epoxy.



Alternatively, we can use a glass fiber as shown ~

case, we can use a much thinner fiber - down to one or

n Fig. 18. In this

two microns diameter -

because the fiber is immobilized at both ends by gluing to the molybdenum

frame.

That concludes my description of the fabrication of these laser targets.

Now I want to describe several novel techniques that we have developed for

coating microsphere with metals and dielectrics.

In Fig. 19 we show a schematic of a generalized laser-fusion target that

might be useful with our large, multibeam laser systems in the future. We

start with a preexisting glass or metal microballoon for a mandrel and then

coat that with a high-z, high-density metal to serve as the pusher and then

overcoat this pusher with a low-z, low-density material to serve as the

absorber-ablator.

A plastic coating is frequently desired for this absorber-ablator layer.

Thus, we developed a glow discharge polymerization technique, shown schematically

in Fig. 20, to put uniform coatings of polymerized paraxylene plastic onto

microsphere substrates. We place two flat parallel-plate electrodes in our

vacuum system and admit a mixture of argon and paraxylene vapor to get a

pressure of about 400 millitorr. Then we drive the electrodes with about 400

volts at one kiloherz which creates a glow discharge between the two electrodes.

This glow discharge activates the paraxylene to form ions and free radicals which

then deposit on any surfaces in the vicinity, reacting and polymerizing in the

process. We found that if we put glass microballoons on the lower electrode,

the plasma causes them to bounce. This keeps the balls in motion to prevent

agglomeration and to allow a uniform coating of plastic to be deposited over their

entire surface. Figure 21 shows a picture of the apparatus, which was mounted in

an 18 inch bell jar vacuum system. Figure 22 is a close-up view of a set of

electrodes. We put a mylar fence around the bottom electrode to prevent the balls

from bounc ng away.

9



We found that metal microballoons didn’t bounce nearly as well in the

plasma as the glass inicroballoons and as a result, they didn’t coat as well.

As shown in Fig. 23, we overcame this difficulty by mounting a set of

electrodes on an electromagnetic vibrator. With the combined plasma and

vibrator agitation we can now coat metal microballoons as well as the glass

ones. Figure 24 is a microradiograph of a plastic coated glass microballoon.

It i

obta

lustrates the good adherence and coating thickness uniformity that we

n with this technique.

Now I want to describe our techniques for coating microballoons with metal.

We have tried all of the usual methods with our microsphere, including physical

vapor deposition, sputtering, electroless deposition and electroplating. In

all of these methods, the trick is to keep the microsphere moving so that they

don’t agglomerate together or stick to the apparatus and so that they are coated

uniformly with the metal. I will limit my discussion to electroplating and to

electroless deposition because we have developed novel techniques to coat micro-

sphere with metal by both of these processes. Both of these techniques were

developed by Tony Mayer in LASL Group CMB-6.

Let’s start with electroless plating. In this technique, the metal is

generated by chemical reduction in an aqueous solution. The metal then plates

out onto surfaces in contact with the solution.

The method

microsphere in

desired deposit

we used in the past for electroless plating was to disperse the

the vortex of a vigorously-stirred plating solution until the

thickness was obtained.

As shown in Fig. 25, useful coatings were obtained by this method. However,

agglomeration was a serious problem; coating thickness uniformity from ball-to-ball

in the same batch varied widely as the figure illustrates, and, it was difficult

10



to obtain good surfaces on coat” ngs thicker than about 5 microns. In addition,

rather different stirring techniques were requ

or less dense than the plating solution.

These difficulties prompted us to develop

red for microsphere more dense

this new technique, in which the

microsphere are dispersed in the plating solution by pumping. Me show a schematic

of the apparatus in Fig. 26. The m.icrospheres to be plated are contained in a

cylindrical reaction chamber between two end screens. This chamber is driven

up and down over a stationary piston which effectively pumps the solution through

the reaction chamber. The motion of the pumped solution imparts a random stirring

motion to the microsphere regardless of their relative density.

For example, when the cylinder moves down, the plating solution is forced up

through the reaction chamber which lifts, rotates and disperses any sinking

particles. Conversely, when the cylinder moves up, the solution is pulled into

the cavity through the top screen. This rotates and disperses any floating particles.

An

in

dr

additional advantage of this system is ready removal of any gases that are formed

the plating process.

Figure 27 shows an overall view of the apparatus. The motor assembly that

ves the reaction cylnder up and down is above the apparatus but it is not

connected in this view.

Figure 28 shows cross sections and surfaces of electroless nickel coatings

deposited onto Solacel metal microballoons with this new technique. Note that

we have obtained very thick coatings with good ball-to-ball uniformity and good

surface quality.

Finally, I want to describe our electroplating technique. Electroplating

was of particular interest to us because of the wide range of high-strength metals

and alloys that can be deposited by this technique. A schematic of the apparatus

11



is shown in Fig. 29. I{ereagain, we contain the microballoons in a cylindrical

reaction cavity that is closed off at each end with a plastic screen. A cathode

wire is mounted adjacent to each screen inside the reaction chamber. Plating

solution is pumped through this chamber - first downward and then upward - which

forces the particles alternately against each end of the chamber.

A switching system is used so that the only cathode that is activated is

the one against which the particles are being pumped. Note that most of the volume

of the cavity is filled with large, 3-mm-diam plastic spheres. As the much smaller

microsphere are pumped from one end of the chamber to the other, they tumble and

bounce against these big plastic spheres, which breaks up any agglomerates that

are forming.

Figure 30 is an overall view of the apparatus showing the reaction chamber,

the pumps and the timing and switching circuitry.

In Fig. 31, we show a close up of the reaction chamber and you can see the

tiny black rnicrospheres that we are plating mixed in with the big white plastic

balls.

We have found this apparatus to be very useful. With it, we can plate thick)

high-quality layers of metal onto microsphere substrates regardless of their densit

relative to the plating solution. Figure 32 shows a 14-micron-thick bright-nickel

coating applied to Solacel metal microballoons. We have also plated copper and

gold/copper alloys and we are now working on a high-strength nickel/iron alloy.

12
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LASL’S eight-beam, 10 kJ C02 laser system.

Schematic diagram of a one-beam ball-and-disk target.

Photomicrograph of a one-beam ball-and-disk target. Metallic

disk employed to enhance visibility.

Close-up view of a glass microballoon, ~40 vm diameter with a

~ 1.5 ~m-thick wall.

Photomicrograph of a glass microballoon on a hair, which is a

useful tool for manipulating microballoons.

Glass microballoon on a hair that is threaded through the eye of a

sewing needle to illustrate the scale.

Flow diagram for glass microballoon processing.

Schematic diagram of inverted liquid screening technique for size

separation of microballoons.

Schematic diagram of gas-density separation apparatus used to separate

previously-sized microballoons according to their wall thickness.

Schematic diagram of wall stresses in symmetric and assymetric

microballoons resulting from an external gas pressure.

X-ray microradiographs of symmetric and assymetric microballoons.

Glass microballoons as viewed in an optical interferometer. A

microballoon exhibits circular fringes that are comentric with

outside surface of the microballoon.

Interferometer fringe pattern of a glass microballoon that has

unusually symmetric wall-thickness nonuniformity.

good

the

an
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Fig. 14. Schematic diagram of x-ray counting system used to assay tritium

content of microbal loons.

Fig. 15. Photomicrograph ofa one-beam ball-and-disk target with a metal-

coated microballoon and a polyethylene disk mounted on a thin

(~1000 il)plastic film. (Disk location indicated by interference

fringes. )

Fig. 16. Photomicrograph of a two-beam ball-and-disk target using a glass

microballoon mounted between thin plastic films (~ 500 ~), onto

which polyethylene disks are deposited.

Fig. 17. Photomicrograph of a glass microballoon target glued to a thin glass

stalk.

Fig. 18. Photomicrograph of a bare glass microbal

thin (1 to 2 pm) glass fiber.

Fig. 19. Schematic diagram of a generalized, mult

oon target glued to a very

layered laser-fusion target.

Fig. 20. Schematic diagram of the apparatus used for glow-discharge polymerization

(GDP) method of applying plastic coatings to laser-fusion targets.

Fig. 21. Photograph of the glow-discharge-polymerization apparatus.

Fig. 22. Photograph of stationary electrode assembly used in the GDP apparatus

for coating glass microballoons and stationary mandrels.

Fig. 23. Photograph of vibratory electrode assembly used in the GDP apparatus

for coating metal microballoons.

Fig. 24. X-ray microradiograph of a GDP plastic-coated glass microballoon.

Fig. 25. Metallographic sections of nickel coatings (on Solacel metal micro-

balloons) applied by the st

electroless plating.

rred-vortex dispersion technique of

15



Fig. 26. Schematic diagram of our pumped-solution apparatus for electroless

plating.

Fig. 27. Photograph of the pumped-solution apparatus for electroless plating.

Fig. 28. Metallographic sections and scanning electron micrographs of nickel

coatings (on SolaceIs) applied by the pumped-solution technique of

electroless plating.

Fig. 29. Schematic diagram of our pumped-solution electroplate.

Fig. 30. Overall photograph of our pumped-solution electroplate.

Fig. 31. Close-up view of plating cell used in our pumped-solution electro-

plate. The small black spheres are the metal microballoons that

are being plated while the large white spheres are the plastic

balls used tobreak up agglomerates.

Fig. 32. Metallographic sections and scanning electron micrographs of nickel

coatings (on Solacels) applied by our pumped-solution electrop”

Fig. 33. List of groups that have contributed to the development of our

target fabrication program.

ater.

laser
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IASERTARGETFABRICATIONPROGRAM

A LARGE FRACTION OF TARGf3’FABRICATION EFFORT IS OUTSIDE OF

L-DIVISIONPROPER,

WE HAVE RECEIVED MAJOR SUPPORT FROM:

CMB-1, -3, -6

J-14

M-1, -8

P-9,.-12,.-DOR

Q-26

R-2

WX-5

ADVANCED ENGINEERING DEPT,, BKC

WE HAVE ALSO BENEFITTED SIGNIFICANTLY FROM THE SUPPORT

OF:

CMB-7,-8

E-4

ENG-6,-7

H-5

P-2, -3
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ETCHING OF THIN SILICON FILMS*

by

S. C. Stotlar, C. J. Maggiore, C. R. Gruhn

ABSTRACT

Silicon films 1 pm to 6 pm thick can be
fabricated by an etching technique similar to
one developed by R. L. Meek and others. Di-
ameters greater than 5 mm are achieved. Sur-
face barrier detectors fabricated from these
thin windows have been used for heavy ion
detection. The etching technique used by the
Los Alamos Scientific Laboratory (LASL) to
obtain these thin films is described.

I. INTRODUCTION

Self-supporting epitaxial silicon films < 1 pm thick have been produced

using an electrochemical etch technique. R. L. Meek first introduced the tech-

nique of thinning n/n+ silicon wafers by selective anodic dissolution of the

substrate.1’2 The electrochemical etch rate of n+- type silicon in HF solution

is much higher than for n-type silicon. This fact is used to etch the n+-type

substrate (.01 Q-cm) from the n-type epitaxial layer (> 1 Q-cm) leaving a thin

epitaxial film supported at the edge by the substrate. The films produced in

this manner have been used to fabricate epitaxial silicon Schottky barrier (ESSB)

detectors.
3,4,5

II. METHOD

The apparatus required to electroetch epitaxial silicon wafers consists of

a power supply and holders for the wafer and platinum electrode. Figure 1 shows

a picture of the holder assembly. The sapphire plate holding the wafer is

*
Work performed under the auspices of the U. S. Energy Research and Development
Administration.
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mechanically positioned relative to the electrode and the entire wafer-electrode

apparatus lowered into the etch with a portable laboratory jack.

An electrical contact was made

conductive silver epoxy. To insure

polishing, the n+ side of the wafer

minutes. This removed ~lOpm of the

electrical contact was then mounted

to the n+ substrate side of the wafer with

a uniform low resistivity contact and uniform

was pre-etched with 20:1 HNO :HF for three
3

silicon substrate. The wafer with its

epi side against a clean sapphire plate with

paraffin. The n+ substrate was coated with wax (Apiezon W) except where etching

was to occur. This surface preparation yielded an etching mask with well-defined

edges that was stable over the relatively long etching times required.

After alignment of the wafer relative to the electrode, the wafer was

immersed in a 5% (weight percent) aqueous HF solution. A +8v bias was applied

to the wafer and the current and voltage monitored until the etch was complete.

During the etch a magnetic stirrer and nitrogen bubbler were used to keep the

etch concentration uniform in the vicinity of the electrode. The etch was per-

formed in the dark because photo induced charge in the substrate will cause non-

uniform etching. Similarly photo induced charge in the epitaxial layer may re-

sult in holes in the finished film. The temperature of the etch was 20°C.

Table I shows the properties of the n/n+ wafers used in this study. The

ability to produce the thin films relies on the fact that the etch rate in the

n-type epitaxial layer is >1000 times slower than in the substrate due to the

difference in resistivities. If the substrate is etched away to the edge of

the mask, etching will still proceed in the epitaxial film. It was observed

that the epitaxial film etched through preferentially at this edge. Meek has

TABLE I

Resistivity of Epi

6

(!i&cm)flO%

1

1

9

9

9

CHARACTERISTICS OF

Thickness

t

(pm)tlO%

1

2

3

4.4

6.2

STARTING MATERIAL

Substrate

6

(Q-cm)

.005 - .020

.005 - .020

.005 - .015

.005 - .015

.005 - .020

Substrate

4.

L

(pm)t25%

200

200

250

300

250
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pointed out that this is due to diffusion of holes into the n-type region from

the n+ substrate. To minimize this problem it is desirable to have the etch

proceeding radially toward the edge of the mask at the time the etch is termin-

ated.

A number of different probe-wafer geometries were tried. To produce 5mm

diameter films it was found that either a flat or hemispherical electrode 3mm

in diameter placed lmm from the wafer yielded the most consistent results.

Figure 2 shows two of the platinum electrodes in their teflon holders.

As the etching proceeds, the current drops after the epitaxial layer is

reached and will continue to drop as the etched pattern increases in size. How-

ever, this drop in the etching current is not reproduceable enough to be used as

a means of timing the etch termination. A periodic visual inspection was made

to determine when the etch should stop. The size of the film was determined by

shining a light through the sapphire plate and the partially transparent film.

Typical etching currents were 200ma/cm2

Typical etch times were 60f15 minutes.

2
initially and 120ma/cm at termination.

Fig. 1
Etching apparatus used to support the
wafer and electrodes in the etch.

Fig. 2
Platinum electrodes used for etching.
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To produce the thin films efficiently the technique outlined above was

generalized to a multiple point apparatus. A square array of nine flat elec-

trodes was mounted opposite a two inch wafer masked with nine holes 5mm in dia-

meter. Since termination of the etch is critical to prevent etch through at the

edge of the film, each pattern was terminated by masking with wax when indicated

by visual inspection. There were no problems associated with possible crosstalk

between electrodes and adjacent films. After etching and cleaning the wafer was

diced into separate self supporting films with a diamond scriber.

The yield of suitable films from multiple etching depended on the thickness

of the epitaxial film and care in handling. Yields of N50% for the l~m material

and >80% for films thicker than 3pm were obtained. For lpm material the largest

films obtained were 5mm in diameter, but films up to 2.5cm in diameter have been

produced with 50pm material. These large area patterns require the use of a

flatscreen electrode.

III. RESULTS

The thin films have been fabricated into surface barrier detectors. Their
16 3

responses to a particles, O ions, and fission fragments have been measured.

The thickness uniformity of the ESSB detectors was measured with an a thickness

gauge and by the u response of the detector. Table II shows the results of the

uniformity measurements. The a beam was collimated to 0.5mm diameter and

measurements were taken in a square matrix with 0.5mm spacing.

TABLE II

UNIFORMITY MEASUREMENTS

Total Thicknessa Thickness Minus
Detector (proof Si) Electrodesb Thickness Observedc

26-4 4.39t.15 4.13?.16 4.18t.06

40-1 2.88?.13 2.66?.13 2.52f.04

28-2 .971e08 .71*.1(3

a
The thickness determined by the standard surface barrier detector.

b
The total thickness minus the thickness due to the front and back contacts
as measured at the time of evaporation.

cThickness measured by the alpha response of the ESSB detector itself.
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IV. CONCLUSIONS

Selective anodic dissolution of the substrate of m/m+ epitaxial silicon

wafers has been shown to be a viable processing technique for the production of

thin self-supporting epitaxial films. The technique has been used to produce

simultaneously up to nine films 5mm in diameter on a single two inch wafer.

The uniformity of films produced in this manner is determined primarily by the

uniformity of the epitaxial growth process. The specifications of the commer-

cially prepared epitaxial material were i_lO%thickness and resistivity over the

two inch diameter

detectors uniform
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A FAS1’ TAPE TRANSPORT SYSTEM FOR USE VITii ON-LINE SEPARATORS

J.A. Macdonald, J.C. Hardy, H. Schmeing, N.C. Bray,

W. Perry, R.B. Walker and N. Wightman

Atomic Enepgy of Canada Lh<ted

Chalk River Nucleap Luboratm%es

ChaZk River, 0ni5ar%o, Canada KOJ IJO

ABSTRACT

A fast tape transport system has been developed

for transporting samples collected from the ion beam of an isotope

separator to a low background area. The unusual features of the

system are its tape speed (up to 585 cm s‘1) and the fact that

the tape system operates entirely in air except for the

collection point on the tape at the end of the beam line.

Published in Nucl. Instr. and Meth. 139 (1976) 355.
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TARGET PREPARATION WITH THE LASL ISOTOPE SEPARATOR #1

Gregory M. Kelley CNC-11

Bruce J. Dropesky CNC-11

I. Introduction

The vacuum evaporation method of target preparation is currently in

widespread use. Its limitations become apparent when, for example, a

chemically pure, highly enriched target of a naturally low abundance iso-

tope is desired. The demand for such targets has made the electromagnetic

separation, electrostatic retardation technique more and more attractive.

Basically, an isotope or mass separator (the terms tend to be used

interchangeably) consists of; an ion source, electrostatic lenses for

controlling beam shape, an electromagnetic analyzer stage, and a collection

or retardation/collection system. The Swedish built machine used here at

LASL for the past eleven years is shown in Figure 1.

Five high voltage supplies are used. One supplies the 50-60 kV accel-

eration potential. Three others provide necessary lens voltages. The

fifth is connected in series with the acceleration supply. It provides a

O-2 kV net voltage which is brought through an overhead conduit to the

retardation/collection assembly.

The analyzer magnet is a 90° sector, with a 1.6 m radius. Its power

supply is rated at 10 kW with a current stability of 1 part in 104 per

hour. It provides a field of up to 0.35 T (3500 gauss).

Three, freon baffled, oil diffusion pumps keep the system pressure in

the low 10-6 region. Figure 2 shows a titanium sublimator pump and a L(N2)

cold surface used to further reduce the pressure in the post-analyzer

section to the low 10-7 region. To the right of the photo is the grounded

shield around the high voltage cable and ceramic feedthrough used to bring

the retardation potential to the lens.

The ion source most generally used is of the Nielsen or oscillating

electron type shown in Figure 3. Its anode and end plates are of high

purity, high density graphite. In order to reduce memory effects, and

maintain sample purity, the internal components of the source proper are

usually replaced before use with a different charge material. The integral,

plug in design of the source allows us to dedicate sources to specific

charge materials.
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II. Charge Vaporization and Ionization

Table 1 lists several targets, charge materials, and methods of charge

vaporization and ionization.

TABLE I

TARGET CHARGE MATERIAL

‘Be BeO

237U
‘3°8

121Sb Sb (metal)

21OPb Pb (metal)

50Ti TiCL4

VAPORIZATION METHOD

Internal Chlorination (a)

Charge Heating
(b)

High Vapor Pressure (c)

Compound

a. The internal chlorination method, first described by Sidenius

1), wherein CC14 vapor is passed through aand Skilbreid

heated rare earth oxide, thus converting it to a volatile

chloride which is then dissociated in the plasma discharge and

ionized.

b. Heating one of the more volatile metals such as Pb or Sb, to

a temperature where its vapor pressure is high enough to

provide a plasma discharge and thus, an ion beam of the

desired intensity.

c. Introduction of vapor from a highly volatile compound, such as

‘ic’4’
into the ion source Plasma region where dissociation and

ionization occur.

III. Retardation Lens

Figure 4 shows our retardation lens in place in the collector chamber.

Retardation potential is brought to the lens by the vertical tube seen in the
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center of the photo. The rectangular slot in which the target holder is

mounted allows adjustment of the foil in the “X” direction. The small central

tube allows “Z” axis corrections in order to achieve the desired spot size.

Focusing of stable mass beams is accomplished by deflecting the beam to either

of two fluorescent screens. The horizontal lines delineate the height of the

lens entrance slit.

IV. Target Preparation

a) The neutron induced fission cross section of 237
U was measured by exposing

a chemically purified, isotonically separated sample to the neutron pulse from

an underground nuclear explosion. The short half life of 237U (t
1/2

= 6.70 t

0.02 d) and the rigid timing of the Pommard event called for unusually smooth

scheduling and a high degree of interlaboratory cooperation so that the target

could be properly placed on the experimental tower shortly before the detona-

tion. Forty-two mg of enriched 236
U were irradiated in the high flux isotope

reactor (HFIR) at Oak Ridge National Laboratory for a period of 22 days. The

irradiated sample containing % 1.9% 237U was directly air shipped to LASL for

chemical purification, (chiefly to remove fission products and curie quantities

of Np) prior to isotopic separation and air shipment to the Nevada Test Site.

As shown in Figure 5, a concentrated solution of the purified uranium was

transferred to a quartz wool wad in a quartz tube, evaporated to dryness, and

converted to U308 by heating in air to 800”C. (The purification and transfer

were done in a hot cell because of the high radiation levels involved. )

After the charge was placed in the ion source, it was volatized using the

internal chlorination technique. Ion beams of the uranium isotopes were pro-

duced and accelerated at a potential of 50 keV. Figure 6 shows the simple cup
236U

and galvanometers arrangement which was provided to monitor the 5-10 PA

beam. The adjacent slit was provided to allow the 237U ions to enter the

retardation lens. Ion energy was reduced to 300 eV to prevent sputtering and

allow a deposit to build up. A second view of the lens (Figure 7) shows the

25-pm thick, .5-cm diam. stainless steel backing onto which the
237

U was de-

posited and its support ring being inserted prior to the separator run.

Three charges totalling ~ 34 mg
236

U and ‘N 50 Ci of 237U were processed

through the separator in a period of 40 h, to provide the final target for the

Pommard event. The deposit consisted of 18.1 pg of 237U, covered an area of

% 1 cm2, and lay totally within the area through which the collimated neutron

beam passed.
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b) The target used to study the 210Pb(p,d) 20gPb reaction at 20.6 MeV
3)

with

the LASL Tandem Van de Graaff and particle spectrograph was produced as follows.

The charge material for the ion source was a metallic lead sample enriched

in 22.3-y 210Pb. It was prepared from a nitric acid solution of 210Pb(Ra-D)

whose decay products were in approximate equilibrium.

Shortly before the separator run, a chemical separation was performed on

the starting material. Its purpose was to reduce the level of activity intro-

duced into the ion source by removing the daughter products 210Bi and 210Po.

The purified solution had 0.5 mg of normal lead added to insure an ade-

quate charge size for the ion source. The combined lead was reduced to the

metal, compacted to a pellet, dried, and weighed. The pellet weighed 1.1 mg

and contained m 10 mCi of 210Pb. It was placed in the ion source and heated to

a temperature sufficient to produce approximately 5 VA of lead ions which was

then accelerated to 50 keV.

In order to produce a usefully thick 2’OPb deposit on the 50 pg/cm2

carbon foil, it was necessary to retard the beam entering the lens to a net

voltage of approximately zero.

The resulting
210

Pb deposit covered a nearly square area w 3 mm on a

side. It weighed% 22 pg (as determined by y-ray counting), and constituted

% 25% of the amount in the charge. A target thickness of%

achieved.

c) The target used to study the (t,p) and (t,a) reactions

dem was prepared in this manner.

240 ~g/cm2 was

on 5°Ti4) at the Tan-

A standard CC14 flask was filled with% 5 cc of the highly

volatile liquid TiC14. Flow of the TiC14 vapor into the ion source was con-

trolled by our normal CC14 needle valve. The Ti ion current was brought to

N 20 VA or N 1 VA of the 5.3% abundant 50Ti. Ions entering the lens were

slowed to 300 eV.

Attempts to build up a thick deposit on a 50-pg/cm2 carbon foil were

frustrated by persistent foil breakage. Finally, a rather thin (% 10ug/cm2)

deposit thickness was obtained and the target was brought to the Van de

Graaff facility for scattering experiments.

d) Attempts to produce a
10Be target in the 50-100 pg/cm2 thickness

range have been carried out.

During the past few years we have made many attempts to produce a Be

target in the 50-100 vg/cm2 thickness range on thin C foil backings for in-

beam nuclear reaction spectroscopy at the Tandem Van de Graaff. The most

vel~able charge material has been found to be BeO from a BeC12 solution
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which has been pipetted onto a quartz wool pad, dried, and heated

N 800°C in air.

The usual internal chlorination process easily produces 5-20

ions which, after entering the retardation lens are slowed to 600

to

PA of Be+

eV. When the

buildup approaches fractions of a microgram, a stretching of the carbon foil

which usually results in breakage is observed. This phenomenon is quite severe,

and has been noted in the literature. Various techniques, such as heating the

foil during deposition or laminating the foils (as suggested by Jerry Lerner

during last year’s meeting), have produced no significant improvement, as the

deposit on carbon is apparently limited to% 2 ~g or a maximum thickness of

N 16 ~g/cm2.

Preliminary tests on thicker (400 pg/cm2) Pt foils indicate that even this

comparatively high Z (78) material is subject to severe stressing. Three

attempts to deposit Be have produced only a single target. Although a vism”

inspection of the target showed promise, when it was later irradiated at the

Van de Graaff, the Be deposit proved to be a disappointingly thin 10 vg/cm2.

In conclusion, I’d like to point out that while the production of certain

targets approaches the routine, others can present great difficulties because

of the little known, but often encountered, deposit-substrate interactions.
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