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FOREWORD

Tdeas and techniqgues on the preparation aad standardization of
nuelear targets woere exchanged at che fifch annual conference of the
Intcrnational Nuclecor Tavget Development Society held at the Los
Alamos Scientific Laboratory (LASL) on October 19 - 21, 1976. ‘The
conforence was sponsored jointly by the Physics Ditision and the
vhemistry=Nuclear Chemistry Division. Participants were from LASL
and twenty-one other laboratcories including six from forelgn countries.

These Procecdings represant o compilacion of most of the papers
presented at the Conference. Throe papers presented crally are not
included because they have been published elsewhere as noted in
chefr abstracts. In addition, two papers were contributed for the
Procccdings, but they were not prescnted orally (Stoner and Bashkin
and Sacttel). Papers are repraduced as received from the authors.

The discussions followling the papers have been summarized and
appear in the back of the Procesdings. 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-
sonted by papers in the body of the Proceedings (Anderl and Heagney),
whilc the discussion following Heagney's paper appears in the back.

The other discussion sussions {Perry, Riel, Gursky) include contri-
tions {rom many people. In repurting the session, a pregentation
by ithe session leader is fellowed by a discussion summary. In addition,
an abstraet of J. Gallant's work, described by Waoyne Perry, is included

in the Prucecdings.

Judith C. Gursky
John G. Povelites
Co~Chairmen
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THE SELECTION, CHARACTERIZATION AND 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

3 4 times normal liquid

short-pulse lasers to compress them to 10° to 10
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 larrge Tasers we will be able to get back more

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

* Work performed under the asuspices of the U. S. Enerqgy Research and

Development Administreation.



Although our lasers have very high power outputs, their energy output
per pulse is very smail. As an example, we have under construction an
e. jht-beam CO2 laser, illustrated in Fig. 1, that will have a power output
ov from 10 €d 40 terrawatts, which exceeds the power generating capacity
of the entire United States. However, the energy per pulse is only 10 kd
which is just about enough to warm up your morning cup of coffee by about
10° C. As a conseguence, laser-fusion targets cannot confain 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 introcduce 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 nonsymmetric 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 lTow-z material covers the area surround-
ing the pellet. In use, this disk is vanorized by a laser prepulse to form a
plasma which has a very high energy cenductivity. This high-conductivity plasma
then allows the energy from the main laser pulse to couple uniformiy 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 rbcket 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. We have 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 totel thickness of about 100 nanometers. The low-z
absorber disk is 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 targat is the
selectior d characterization of the glass microballoons. In Fig. 4 we show
a close-up of one of these microballoons. This is 4CG-micron-diameter microballoon
with a 1.5 micron wali. It weighs about 30 nanograms and is smaller than a human
hair, as shown in Fig. 5.

And now, just to emphasize the 1illeputian nature of our microballoons, we
have threaded our hair through the eye of the smallest standard sewing needle as
shown in Fig. 6.

Glass microballoons are made by several different companies for use as
fillers and density-contirol additives for plastics. They are availabie in minimum

10

orders of 2 to 10 pounds. And at a density of 10 - balls per pound, that is a

lot of microballoons. However, most of these are ncot suitable for use as laser

targets. Although we have nnt actually counted the bad ones, one in 106 or 107



is a conservative estimate for the fraction of good microballoons. That
still leaves 1000 to 10,000 good balls in cach one pound batch. So the
only problem is how to ind the goed 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, [ want
you te notice that we first use tiree batch processes to increase the
fraction of good microballoons tnat are present in the batch; after these,
we must start examining the microballcons one at a time for quality charac-
terization and measurement. In all of these techniques we must account for
the seemingly perverse character of these very light microbailoons for which
electrostatic, surface tension and aerodynamic forces greatly exceed gravita-
tional effects.

The first batch process, shown in Fig. 8, is size separation. Heriaal
screening methods are greatly heanered by the tendency of dry microballoons
to agglomerate strongly when shaken and the tendency of wet micrcobalioons to
float. We have, therefore, used the bouyant furces in a float screening
method as shown in the fiqure. The microbalicons are intrcduced under an
inverted screen stack which is immersed in ethanol in an ultrasonic clraner.
Bouyancy provides the driving force and the ultrcsonic motion provises agization.
This method gives very efficiant screening. It also eliminates broken picces
of wmicroballoons and any microbailoons 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 liguid deasity separstion
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Ur found that wetal microbalicons didn't bounce ncarly as well in the
plasma as the glass micreballoons and as a result, they didn't coat as well.
As shown ir Fig. 23, we overcame this difficulty by mounting a set of
elecirodes on sn electromagnetic vibrator. Uith the cembined plasma and
vibrator agitatic: we can now coat metal microballoons as well as the glass
ones. Figure 2+ is a microradiograph of a plastic coated glass microballoon.
It illustrates the good adberence and coating thickness uniformity that we
obtain with this techaique.

How 1 want to describe our technigues for coating microballoons with metal.
tle have tried all of the usual methods with our imicrospheres, including physical
vapor deposition, sputtering, electroless deposition and electroplating. In
at? of these methods, the trick is to keep the microspheres moving so that they
don't aggloirciate together or stick to the apparatus and so that they are coated
unitorety with the metal. I will 1iwit my discussion to electroplating and to
electroless deposition because we have developed novel techniques to coat micro-
spheres with metal by both of these processes. Both of these techkniques were
developed by Tony Mayer in LASL Group CHMB-6.

Let's start with ¢lectroless plating. In this technique, the mectal is
generated by chemicai reduction in an aquecus solution. The metal then plates
out onto surfaces in contact with the soiution.

The method we used in the past for eleciroless plating was to disperse the
microspheres in the vortex of a vigorously-stirred plating solution until the
desived dehosit thickness was ootained.

As shown in Fig. 25, useful coatings were obtained by this method. However,
agglomeration was a serious probiem; 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 surfacos on coatings thicker than about 5 microns. In addition,
rather different stirring techniques were required for microspheres more densa
or less dense than the plating solution.

These difficulties prompted us to develop this inew technique, in whick the
microspheres are dispersed in the plating solutiqn by pumping. We show a schematic
of the apparatus in Fig. 26. The microspheres to be plated are contained in a
cylindrical reaction chember 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 microspheres regardless of their relitive density.

For example, when the cylinder moves down, the plating solution is forced up
through the reaction chamber which 1ifts, 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 additional advantage of this system is ready removal of any gases that are formed
in the plating process.

Figure 27 shows an overall view of the apparatus. The motor assembly that
drives the reaction cylinder 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 bccause 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. Here again, we contain the microballoons in a cylindrical
reaction cavity that is closed off at cach end with a plastic screen. A cathode
wire is mounted adjacent tc each screen inside the rcaction chamber. Plating
solution is pumped through this chamber - first downward and then upward - whirh
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
microspheres 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 microspheres 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. Ye have also plated copper and

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

12
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Figure Captions

Fig.
Fig.
Fig.
Fig.
Fig.

Fig.

Fig.
Fig.

Fig.
Fig.
Fig.

Fig.

Fig.

1.
2.
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10.

12.

LASL's eight-beam, 10 kJ CO2 laser system.

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

disk employed to enhance visibility.

Close-up view of a glass micreballoon, ~ 40 um diameter with a

~v 1.5 um-thick wall.

Photomicrograph of a glass microbaj1oon on a hair, which is a
useful tool for manipu]atjng 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 stregses in symmetric and assymetric
microbalioons resulting from an external gas pressure.

X-ray microradiographs of symmetric and assymeffic microballoons.
G]ass.microba]1oons as viewed in an optical interferometer. A good
microballoon exhibits circular fringes that are comentric with the
outside surface of the microbaf]bon;

Interferometer fringe pattern of a glass microballoon that has an

unusually symmetric wa]1-thickness’nonuniformity.
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Fig.
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Fig.
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Fig.

Fig.
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14.

15.

16.

17.

18.

19.
20.

21.
22.

23.

24.
25.

Schematic diagram of x-ray counting system usaed to assay tritium
content of microballoons.

Photomicrograph of a one-beam ball-and-disk target with a metal-
coated microballoon and a polyethylene disk mounted on a thin

(~ 1000 K) plastic film. (Disk location indicated by interference
fringes.}

Photomicrograph of a two-beam ball-and-disk target using a glass
microballoon mounted between thin plastic films (v 500 K), onto

which polyethylene disks are deposited.

Photomicrograph of a glass microballoon target glued to a thin glass
stalk.

Photomicrograph of a bare glass microballoon target glued to a very
thin (1 to 2 um) glass fiber.

Schematic diagram of a generalized, multilayered laser-fusion target.
Schematic diagram of the apparatus used for glow-discharge polymerization
(GDP) method of applying plastic coatings to laser-fusion targets.
Photograph of the glow-discharge-polymerization apparatus.

Photograph of stationary electrode assembly used in the GDP apparatus
for coating glass microballoons and stationary mandrels.,

Photograph of vibratory electrode assembly used in the GDP apparatus
for coating metal microballoons.

X-ray mi;roradiograph of a GDP plastic-coated glass microballoon.
Metallographic sections of nickel coatings (on Solacel metal micro-

balloons) applied by the stirred-vortex dispersion technique of

electroless plating.
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28.

29.
30.

31.

32,

Fig. 33.
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Schematic diagram of our pumped-solution apparatus for electroless
plating.

Photograph of the pumped-solution apparatus for electroless plating.
Metallographic <ections and scanning eilectron micrographs of nickel
coatings (on Solacels) applied by the pumped-sofution technique of
electroless plating.

Schematic diagram of our pumped-solution electroplater.

Overall photograph of our pumped-solution electroplater.

Close-up view of plating cell used in our pumped-solution electro-
plater. Tﬁe small black spheres are the metal microballoons that
are being plated while the large white spheres are the plastic
balls used tobreak up agglomerates.

Metallographic ;ections and scanning electron micrographs of nickel
coatings {on Solacels) applied by our pumped-solution electroplater.
List of groups that have contributed to the development of our laser

target fabrication program.
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LASER TARGET FABRICATION PROGRAM

A LARGE FRACTION OF TARGET FABRICATION EFFORT IS OUTSIDE OF
L-DIVISION PROPER.

WE HAVE RECEIVED MAJOR SUPPORT FROM:
CMB-1, -3, -6
J-14
M-1, -8
P-9,. -12, -DOR
0-26
R-2
WX-5
Apvancep Encineering DepT., BKC

WE HAVE ALSO BENEFITTED SIGNIFICANTLY FROM THE SUPPORT

cvB-7, -8
E-4
ENG-6, -7
H-5
P-2, -3
R-1
sb-1, -2, -3, -4, -5, -6
WX-1, -2
Fig. 33
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ETCHING OF THIN SILICON FILMS

by

€. C. Scotlar, C. J. Magegiore, . K. Gruhn

ABSTRACT

Silicon films 1 um to 6 pm thick can be
fabricated by an etching techrique similar to
cne developed by R. L. Meek and othevrs. 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 techaique used by the
Los MAlumos Scientific Laboratory (LASL) :o
obtain these thin films is described.

I. INTRODUCTION

Self-supporting epitaxial silicon films < 1 um thick have been produéﬁd
using an electrochemical etch technique. R. L. Meek first iantroduced the tedh-
nique of thinning n/n+ silicon wafers by selective anodic dissolution of the
substrate.l’2 The electrochemical etch rate of n+-nype silicon imn HF solution
is much higher than for n-type silicon. This fact is used to etch the n+-nype
substrate (.01 f~cm) from the n-type epitaxial layer (> 1 9-cm) leaving a thir
epitaxial film supported at the edge by the substrate, The films produced in

this manner have been used to fabricate epitaxial silicon Schottky barrier (ESS2)

detectors.3’4’5

II. METHOD
The apparatus required to electroetch epitaxjial silicon wafers consists of

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

a picture of the holder assembly. The sapphire plate holding the wafer is
1

*
Work performed under the auspices of the U. S. Energy Research and Development
Administration.
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To predute the thin filpes officieatly the teechnigue outlined above was
goneralized to a mwltiple peint apparatus. A sguare array of nine flat elee-
craodos wos mounted eppusite 2 twe inch wafer masked with nine boles 5mn in dio-
pogcr. Sinse tersmivatien of the creh is critieal vo proveat cten through at the
edge of the Film, cach paticrn was terpinated by masking winh waz whon indicated
by winnoal inspection. Thero wore no proeblens assceioted with possible eresstalk
botween cloetredos and asdjocent filow. After ctehing and eleaning the wafer was
diced inio sog+vate sell supperciag Filus with a diamond scriber.

The vield of suivable films frem multiple ciching depomicd on the thickness
ef the epitaxial filo and cave in handliing. Yields of =507 Jor the luo material
and »&0Z for {llesm thicher thanm Jum wers obtoincd., For lbm material the largest
Films obtoiaud wore Som in diameser, buz films up te 2.5¢nm in dismeter have been
produced wizh 30um materisl. These large area pstreras rveguire the use of a

flatscraen ¢lectrode.

E11. RESULYS

The thin films have been fapricated inte surfuace bavvier detectors., Their
rasponses Lo o particles, 16& ions, and fisslon fragments have been measured.
The thichkness usnifornivy of the B858 detectors was wmeasured with an a thickness
gonge and by the o respense of the detector, Table LI shows the resules of the
vaiformivy meosurements.  The o beam wos collimated te 0.5mm diamerer and

Beasuranents were tahken in a square matriz with 0.50m spacing.

TAKLE 11
UNIFORMITY MEASUREMENTS

Total Thic%neﬁsa Thickauss Minus c
Boreetor fum of 84) Electrodes? Thickness Qbserved
Ab-4 4.392.15 4,132.16 4.182.06
40-1 2.882.33 2.60%.13 2.042.04
28-2 ) -G7r.08 712,30

“The thickness detcrmined by the standard surface barricr detector.

L‘)‘I‘h{: total cthickress miunus the thickness due to the froat and back contacts
as weasered at the time of evaporation.

-

Cihickness measured by the alpha vesponse of the ESSB detector itself.
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IV. CORCLUSIONG

Selestive onodic dissclucion of the substrate of = d+ epitaxizl silicon
vafers has been shown to be a viable processing tecknisuz for the production of
thia self-cupporting epitazial films. The tectaique has been used to produce
simuleancously up to nine films 5mn in dioseter on a single two inch wafer.
The unifornity of films produced in this manner is determined primarily by the
uniformicy of the cpitaxial growth process. The specifications of the commer-
cially prepared epitaxiol material were 2107 thickness and resistivity over the
tun inch . diamcter surface. The resultsnt films have been processed into ESSB

deteccors uniform to 23% for thickneswses >3pm and 214% for a 0.71ym detector.
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A

FAST TAFE TRANSPORYT SYSTEN

For USE WITH ON-LINE SEPARAYTORS

J.A. HMacdonald, J.C. Hardy, l. Schueing, N.C. ¥Bray,
W. Perry, R.B. Walker and M. Wightman

Atomie Energy of Cunuda Limiled
Cralk River Nucicar lLoboratories
Chalk River, Ontario, Canada KOJ 1J0

ABSTRACT

A fast tape transport systewm has been developed

for transporting samples collected from the ion beam of an isotuvpe

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

system are its tape speed (up to 585 cm s—l) and the fact that
the tepe system operates entirely in o ir 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 chape, an electromagnetic analyzer stage, and a collection
or retardation/collection system. The Swedish built machine used here af.
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
0-2 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 a3 current stability of 1 part in 104 per
hour. It provides a field of up to 0.35 T (3500 gauss).

Three, freon baffled. o1l diffusion pumps keep the system pressure in
the low 106 region. Figure 2 shows a titanium sublimator pump and a L(Nz)
cold surface used to further reduce the pressure in the post-analyzer
section to the low 10-7 region. To the right of tnh. 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 showrn 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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I1. Charge Vaporization and lonization

Table 1 lists several targets, charge materials, and methods of charge
vaporization and ionization.

TABLE I

TARGET CHARGE MATERIAL VAPORIZATION METHOD

9Be Bel Internal Chlorination (a)
237

U U308
121 N

sb Sb (metal) Charge Heating )

b

210py, Pb (metal)
50 . .

Ti TicL, High Vapor Pressure (c)

Compound

a. The irternal chlorination method, first described by Sidenius
and Ski]breid]), wherein CCI4 vapor is passed through a
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. r

c. Intreoduction of vapor from a highly volatile compound, such as
TiC14, into the ion source plasma region where dissociation and
ionization occur.

III. Retérdation 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
39




center of .the photoQ The rectangu1ar_s]ot’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 237U was measured by exposing

a chemically purified, isotopically separated scmple to the neutron pulse from
an underground nuclear explosion. The short half life of 237U (t”2 6.70 ¢
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 236U 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 tential of 50 keV. Figure 6 shows the simple cup
and galvanometer arrangement which was provided to monitor the 5-10 pA 236U
beam. The adjacent slit was provided to allow the 237U jons 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 237U was de-
posited and its support ring being inserted prior to the separator run.

Three charges totalling ~ 34 mg 236U and ~ 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
o cm2, and lay totally within the area through which the collimated neution

beam passed.
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b) The target used to study the 2]OPb(p,d)ZOQPb reaction at 20.6 MeV3) with
the LASL Tandem Ven de Graaff and particle spectrograph was produced as follows.

The charge material for the ion souirce was a metallic lead sample enriched
in 22.3-y 2]OPb. It was prepared from a nitric acid solution of 2]OPb(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 activify intro-
duced into the ion source by removing the daughter products 21081 and 2]OPo.

The purified solution had 0.5 mg of normal lead added to insure an ade-
quate charge size for the ior source. The combined lead was reduced to the
metal, compacted to a pellet, dried, and weighed. The pellet weighed 1.1 mg
and contained ~ 10 mCi of 210Pb. It was placed in the ion source and heated to
a temperature sufficient to produce approximately 5 pA of lead ions which was
then accelerated to 50 keV. ' ' ‘

In order to produce a usefully thick Pb deposit on the 50 ug/cm2
carbon foil, it was necessary to retard the beam entering the lens to a net

210

voltage of approximately zero.

The resulting 2me deposit covered a nearly square area ~ 3 mm on &
side. It weighed ~ 22 ug (as determined by y-ray counting), and constituted
~n 25% of the amount in the charge. A target thickness of ~ 240 ug/cm2 was
achieved.

c) The target used to study the (t,p) and (t,a) reactions on 50Ti4) at the Tan-
dem was prepared in this manner.

A standard CC]4 flask was filled with v 5 cc of‘the highly -
volatile liquid TiC14. Flow of the T1'C14 vapor into the ion source was con-
trolled by our normal CC14 needle valve. The Ti ion current was brought to
~ 20 WA or ~ 1 uA 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-ug/cm2 carbon foil were
frustrated by persistent foil breakage. Finally, a rather thin {(~ 10 ug/cmz)
deposit thickness was obtained and the target was brought to the Van de
Graaff facility for scattering experiments.

d) Attempts to produce a ]OBe target in the 50--100 ug/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 ug/cm2 thickness range on thin C foil backings for in-
beam nuclear reaction spectroscopy at the Tandem Van de Graaff. The most
reliable charge material has been found to be Be0 from a BeC]2 solution
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which has been pipetted onto a quartz wool pad, dried, and heated to
n 800°C in air.

The usual internal chlorination process easily produces 5-20 pA of Be'
ions which, after entering the retardation lens are slowed to 600 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 ug or a makﬁmum thickness of
v 16 ug/cmz. X

Preliminary tests on thicker (400 ug/cmz) 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 visual
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 ug/cmz.

In conclusion, I'd 1ike to point out that while the production of certain
targets approaches the routine, others can present great difficulties because
of the 1ittle known, but often encountered, deposit-substrate interactions.
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FIGURE CAPTIONS
The LASL Isotope Separator #1.
Titanium sublimator and LN, cold surface.
LASL plug-in ion source.
The retardation lens in place.
Loading the charge.

237

Entrance slit configured for u.

Target foil being inserted.



45



Fig. 3

j

i

e
Eu

Fig. 4

46



\N

28
QN
- a\‘\"&\‘&\ﬁ

W

fig. 5

Fig. 6

47




48

USE OF AN ISOTOPE SEPARATOR AT THE INEL*

, R. A. Anderl
E6%5 ldahe, Inc., Idaho tational Engineering Laboratory

INTRODUCTION

Tue majoc programs in our Nuclear Physics Branch are concerned with
the oeasurenent of the dzcay properties of Tission product isotopes and
with the measurement of integral capture cross sections for isotopes of
intorest to advanced fast reactor systems. Central to efforts in both of
zhese programs is 3 "laborvitory-type" electromagnetic isotope separator
locatnd at the Test Reactor Area, INEL.

Uqder developrent ot the present time is the capability for perferming
“on-1line” wass separation of fission products transported by & gas-jet
tecinizue from & “%2CF spontaneaus fission source to the ion source of
the isotope separator. Usiug this capability in conjunction with a tape
traasport collector system, decay properties of short-lived fission products
will be studied.

Of move intzrest to this conference is the use of the isotope
saparator for preparation of highly-enriched rare-earth samples for our
cross-section measurement orogram. Hence, this discussion will center on
this latter application and will include a sketch of the cross section
experiment with an emp.usis on sample requirements, a brief description
of our isctope separator and a nmore detailed description of the collection
aipuratus used in the preparation of the majority of the samples for the
experiment.

Briefly, the cross section experiment involves an EBR-11 irradiation
of selected isotopes of Nd, Sm, and Eu to a fluence of approximately
5 X 102t n/em?, a post-irvadiation measurement of the products of neutron
absorption in each zample, and a determination of the integral capture
cross section for each isotope. EBR-1Il is a liquid-sodium-coolied fast
reactor which is used principally for irradiation experiments pertaining
to the development of advanced fast reactor systems. The cross sections
measured in this experiment will contribute to the evaluation of the
fission-product-poison effect in fast reactors, the evaluation of the
leng-term capture worth of Eu.0, as a fast reactor control material,
and the development of a reliab%e burnup monitor for advanced fast reactor

fuels.

Because standard activation and gamma spectrometric techniques are
not 2pplicable for most of the isotopes of irterest in this experiment,
mass spectrometric techniques will be used to determine the products of
neutron absorption for each sample. In this perspective and noting that

*Mork perforiied under the auspices of the U, S. Eneray Research and
Development Administration.



most of the materials are expected to have integral capture cross sections
ranging from 100 mb to 3 barns, post irradiation (A+1}/A ratios are
expected to be 100 ppm to 10,000 ppin. It is evident that for many of the
samples high chemical purity ard high isotopic enrichments are requirec.

Off-the-shelf enriched isotopes from ORNL, with primery isotores
enriched from 90% to 99%, are by-and-large unsatisfactory without
additional enrichment. The required high enrichments {99.9%9% A. 10 ppm
A+1) can be obtained by additional is:tope separation of the ORNL
enriched stock. At the present time this additional enrichment is being
dore using the INEL isotope separator equipped with a retardation lens.
The following paragraphs describe the apparatus used for this sample
preparation.

EXPERIMENTAL

Isotope Separator

Our electromagnetic isotope separator was designed and built by
Nucletec S. A., Geneva, Switzerland, and was first opzrational in 1972.

Ion sources used wit? She separator are the oscillating electron
ion source {iiielsen-type) and the high-temperature-surface-ionization
ion source (Johnson-type).{2) The Nielsen source is used for gaseous
eleiients, for elements which are easily vaporized and for elements of high
jonization potential which cannot be run with the Johnson source., The
Johnson source is used routinely for high efficiency (-40%) praduction of
alkali metal and lanthanide ions and can be used for actinides.

The ion beam is formed with an electrostatic lens assembly consisting
of an extraction electrode, three cylindrical electroaes for cylindrical
focus, and quadrupole singlet for beam compression. With the ion source
operated at a positive 50 kV to 60 kV, the extraction voltage is 10 kV to
15 kV, the focus voltage is 10 kV to 25kV, and the quadrupole voltage is
100 V to 200 V. Typical extracted ion currents are 10 ;A to 100 uA.

Mass dispersion is obtained with a water-cooled, 90° sector electro-
magnet which has a mean radius of 150 cm, a magnet pole gap of 50 mm,
and fringing field terminators at entrance and exit boundaries. Powered
by a transistorized 0 to 150 A power supply (current stability better
than 1 part in i0"), the magnet has a field strength ranging from 0 to
5000 Gauss. Therefore, it is possible to collect mass-separated sp:cies
over a mass range of O to 265 amu. The mass range for simultaneous
ccllection is given hy

Mmax - Mmin =0.15 Mmin

and the mass dispersion is approximately 9 mm for mass 150 and 50 keV ions.

49



50

The beam shape is variable from a 3 mm circular spot to a 2 mm X (1 cm
to 3 cm high) line spot. Enhancement factors with respect to adjacent
masses of 1000 to 10,000 at mass 150 can be attained.

For direct viewing of the ion beam shape a transmission fluorescent
screen coated with K Br is used. An electronically driven vibrating
probe with current signal displayed as an oscilloscope trace at the ccnsole
is used for indirect viewing of the beam.

Coilector assemblies of interest to this cornference are discussed
in detail in the next section.

A vacuum of less than 5 X 10~7 torr is maintained throughout the
separator vacuum chamber with three Edwards oil diffusion pumps which have
dual water-cooled chevran baffles on each pump inlet. Two 6 inch diffusivi
pumps provide differential pumping at the ion source-electrostatic lens
assembly and a single 9 inch diffusion pump is used at the collector.

To further improve the vacuum quality at the collector end, a liquid
nitrogen cold trap is located in the dispersion chamber between the magnet
and the collection chamber.

Collection Apparatus

The collection apparatus used for the sample preparation is shown in
Figures 1 and 2 which are photos of the collection chamber interior as
seen through the top opening and the rear opening, respectively. The
setup includes a vibrating probe beam scanner, a rotatable-collection-
frame assembly, and a retardation lens.

Mounted on a movable carriage, the vibrating probe unit can be
located at any position alorg a 1ine perpendicular to the ion beam
diraction. Movement of the carriage is accomplished by a remote
control outside the vacuum chamber. The probe vertical pin swings
through an arc which is approximately 1.75 inches from the ion beam focal
plane.

The rotatable-coilection-frame system consists of 16 inch by 2.4 inch
collection frames which are attached to two "wheels," each "wheel" supported
in a vertical upright by a stainless shaft and Delrin bearing assembly.

As shown in Figure 2, the right-hand shaft is coupled to a vacuum-rotary-
motion feedthrough which permits remote control of the rotation of a
collection frame into the focal plane of the ion beam. The rotatable system
provides for interchangeable mounting of up to three collection frames,

each of which can incorporate one or more of the following:

(1) a foil for direct collection of small quantities of
mass-separated isotopes at full energy,

(2) a foil that can be used as a beam stop for all but
one or more selected isotopic beams which pass on
through apertures to other collzsction devices,




Figure 1. View of the rotatable collection-frame assembly and the
retardation lens through the top opening of the collection
chamber.
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Figure 2.

View of the rotatable collection-frame assenrbly and the
retardation lens through the rear opening of the collection
chamber,



(3) a transmission fluorescent screen for direct viewing
of the ion beam shape,

(4) a Faraday cup for measuring ion beam currents.

For the setup used here with the retardation lens, two collection frames
are mounted on the system "wheels." One frame supports a foil used as a
beam stop for all ion beams but the one entering the retardation lens.
The second contains a transmission fluorescent screen for viewing the
beam shape and a Faraday cup for measuring the isotopic ion current
entering the retardation lens.

The design of the retardation lens, as illustrated b{ ghe schematic
in Figure 3, is based on the study by Dionisio and DelLimal3) and
corresponds to their system Ds;. This particular design was selected
because it is used easily with Tine-focused beams and can provide either
sharply-defined narrow deposits when the focus electrodes are used or
broader deposits when the focus electrodes are removed. As shown in
Figures 1 and 2, the focus lens elements were removed for the present
application.

The beam defining electrode, with a .187 inch by 2.0 inch slot
aperture, the electron suppression electrodes, with .40 inch by 2.0 inch
slot apertures, and the retardation electrode are each 4 inch by 4 inch
square. The focus electrodes are 4 inches high and are separated by a
2 inch gap. With the exception of the beam defining electrode which is
constructed from stainless steel, all other lens elements are fabricated
from Type 6061 aluminum alloy. To minimize arcing all corners are °
rounded and the surfaces of the elements are polished. A foil holder
which slips into the T-slot in the retardation electrode is used to
collect the isotopically enriched deposit.

The assembled lens .is installed as two parts on the piatform shown
in the photographs. HMounted in one set of Plexiglass supports which
provide for electrode alignment and spacing and attachment to the platform
are the first three electrodes. Providing alignment and spacing of the
focus and retardation electrodes is another set of Plexiglass supports
which are mounted to nylon screws which serve as electrical standoff
insulators with respect to the grounded platform. Two pins mounted on
electrical insulators attached to the beam defining electrode are used
to provide, via a difference amplifier, a correction signal to the
acceleration supply for beam position stabilization.

As shown by the photographs in Figures 2 and 4, the retardation
voltage is transmitted to the retardation lens through a specially
designed high-voltage feedthrough located on the top cover-plate of the
collection chamber. Fabricated from Plexiglass, the high voltage feed-
through insulator is 7 inches Tong with approximately 4.25 inches extending
above the 7.6 inch X 15.7 inch X 2 inch thick Plexiglass cover plate
and .75 inch extending below the cover plate. The insulator body
protruding above the cover plate is 1.75 inches in diameter. This system
has been successfully tested at 62 kV.
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Figure 4. Photograph of the high-voltage feedthrough as-installed on
the top of the collection chamber,
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It should be noted that although Plexiglass (an acrylic plastic)
is not the most desirable material to use in a vacuum environment
because of its vapor pressure and outgassing properties, the mass-
separator vacuum system is able to maintain the vacuum in the collection
chamber at less than 3 X 107 torr. Lexan (a polycarbonate plastic)
is a superior material to use in the vacuum environment but is considerably
more expensive.

Grounded metal plates are used to shield as much of the collection
chamber from the high voltage feedthrough, the high voltage lead to the
retardation electrode, and the lens itself. These plates are situated
as close as possible to the respective high voltage components.

ITlustrated -in Figure 5 is a schematic of the electrical layout of
the power supplies used with the mass separator when operated in the
retardation mode. Typical operating voltages are: (1) 50 kV, acceleration
supply; (2) 12 kV, extraction supply; (3) 20 kV, focus supply; (4) 200 V,
quadrupole supply; (5) 200 V, beam stop supply; (6) 1200 V, electron
suppression supply; (7) 300 V, retardation supply.

Sample Preparation

Isotopically enriched samples prep- "ed with the separator retardation
system include the following: ND-143, -144, -145, -146, -148, -150; Sm-147,

© -149; Eu-151, -152, -153, -154. For the Nd, Sm and stable Eu isotopes,

rare earth oxide material previously enriched to 90% to 99% at ORNL was
used as charge material in the Johnson ion source. The mass-separated
primary isotopic beam was deposited on 1 mil nickel foil or 0.5 mil
vanadium foil mounted in a foil holder which slipped into the T-slot of
the retardation lens. Approximately 50 ug to 75 pg deposits which measured
from 2 mm to 3 mm wide by 30 mm to 35 mm high were collected. Typical
isotopic ion currents ranged from 6 pA to 10 pA and the collection time
per run was 90 minutes.

Isotope dilution mass spectrometry was used to measure the sample
mass and sample enrichment for representative samarium samples. These
analyses indicated that there was negligible Toss of material in the
collection of the decelerated ion beam and enhancement factors with respect

.to adjacent masses of better than 4000 were achieved.

SUMMARY

An electromagnetic isotope separator with a retardation lens as a
collector was used to prepare highly enriched samples of Nd-143, -144, -145,
-146, -148, -150; Sm-147, -149; Eu-151, -152, -153, -154. The 50 ug to
75 ug samples, deposited on 1 mil nickel foil or 0.5 mil vanadium foil, are
part of a sample set to be irradiated in EBR-II as part of an integral-
capture cross-section measurement program at the INEL. This discussion
presented a description . of the isotope separator and the apparatus used
for the sample preparation.
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VAPOR DEPOSITION OF LARGE AREA NpO, AND UO, DEPOSITS

H. L. Adair, J. R. Gibson, E. H. Kobisk, and J., M. Dailey
Union Carbide Corporation, Nuclear Division

Oak Ridge National Laboratory, Solid State Division
P. 0. Box X, Oak Ridge, Tennessee 37830

ABSTRACT

Deposition of NpO, and U0, thin films over an area of 7.5- to 10-cm
diameter has become a routine operation in preparation of fission chamber
plates. Vacuum evaporation or electroplating has been used for this
purpose. The "paint brush" technique has been used as well; however,
uniformity requirements normally eliminate this procedure. Vapor
deposition in vacuum appears to be the most suitable technique for
preparing NpO; and UO, deposits of >200 cm?, This paper describes the
procedures used in preparing uniform large area deposits of NpO;

( 226 cm?) and U0, (2000 cm?) by vacuum evaporation using electron

bombardment heating and several substrate motion and heating methods

to achieve uniformity and adhesion.

INTRODUCTION

Small and large area deposits of actinide materials on a variety
of substrates are important to experimentalists whe need such maierials
for precision cross-section measurements, for sources of neutrons or
fission fragments, and for standard calibration sources. Normal require-
ments for actinide deposits are that they should be adherent, uniform,

and well defined in terms of areal density and contained impurities.

%
Research sponsored by the Energy Research and Development Administration
under contract with Union Carbide Corporation. 59
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Two technlques used most often for preparing actinide deposits ave

.electroplating and vacuum evaporaticn.! The e¢lectroplating procedure

is limited in areal density (normally <2 mg/c?) and in the area possible
to coat. The previous two limitations are cvercome when physical vapor
deposition is used; however, the deposition efficiency for this process
is usually <1 percent (depending upon uniformity requirements).

The preparation of 235U02 deposits of <8 cm in diameter by the
physical vapor deposition process has been described.? At that time,
this areca of ?35U02 deposit was considered to be large compared with
previously fabricated specimens. Within the past year, however, the
Isotope Research Materials Laboratory (IRML} at the Oak Ridge National
Laboratory (ORNL) has prepared considerably lar er area targets ot 233U0;
(200C +m?) and 237Np02 (226 cm?) to be used as sources of fission
fragments under neutron bombardment and for use in precision cross-section
measurements, respectively. Techniques and systems used in preparing

actinide deposits will be described in this paper.
LARGE AREA DEPOSITS GF U0,

There exists a large demand for well-defined, small pore size,
menbrane filters for use in blood research, cellular separation, tissue
culture, and in other similar areas of research.? The membrane filters
must have precise pore size distribution and possess chemical and
thermal stability under a wide range of applications. One such procedure

used to prepare such filters is to pass a plastic material over a 23%y0,



) LT
i

tarpget vhile the target is being bowbarded by peutrons,  Besuilant
fission causes fission [ragments to penctrate the Vilter emterisd

leaving sensitized tracks wiiich can then be preferentially ctehed st

s

uniforn, cvlindrical pores. The pove size is controlloa by phe lengpih
» - .

of the etching process.”

[N
P
ot
an
%
1

To be gconomical.y attractive, wxposure of large aveas of
material is desired, within restraings of rtarget Ssbricatien rechnofopy

and neutron irradiation capabilivy. 1t was deternined that (he desired
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0, depesits needed for this purpose would he approxioatels b en
wide and 76 cm long and contain 800 to 1000 up/ers of SR AR one can
see, this represents a considerable extrapolation ia avea from the
8~cn diameter deposits previcusly prepared in our laboratoerr,

The procedure used to gencrate larvpe arvea uranium Carptts was sipply
& modification of the one desceoibed in Reference 1. Since the rargets
were required to be uniform within #3 poercent of the wswan areal densicr,
it was determined that the best approach would be o use two ¢lectron
bombardment evaporation sources and a substrate mouwntesd on g rotatiog
drum asscmbly. Both elcectron bombarduent sources ware similar to the
one saown in Fig. L. As is shown, the clectren bean Is accelerated
through an angle of 270° and impinges on a pressed U0 pellet.  The
electron beum can be programmed te sweep the pellet surface in o
predetermined pattern to achicve maxinum uniformity of evaporation,

To determine the system configuration for locating twe vleciron

beara guns under a rotating drum to give the desired uniformicy of &3
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Fercent, the following equation was used.®

A}

t=m1:: '( 2 - 212 1n 2 l 22?‘\) @
y[h 2 + (D + X)%] (b2 + (x - D)?]%
J
wheie
t = film thickness,
m = total mass of material evaporated,
hv = source to substrate distance,
p = density of material,
D = distence from center line to center of electron beam crucible,
X = distance from center line to a point on the substrate where

the film thickness is determined.

In addition, information provided by the Airco-Temesc:l Corporation
concerning the uniformity of deposits from dual electron bombardment
sources was used.® Equation 1 was derived from Holland's equation

mhz
v

t = (2)
np(hvz + 5j2)2

Gj = the perpendicular distance from the center line of
the evaporating beam and the point on the substrate

where the deposition thickness is determined,

and the other terms are as defined for Equation 1. Thus, the following

equation can be derived from Equation 1:
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Since §; = D + X and 63 = D - X, Equation 1 can be obtained by substituting
these terms in Equation 3.

The 51-cm x 76-cm targets were prepared using 25,5-cm x 76-cm
substrate segments mounted on the rotating drum. A schematic representation
of the preparative setup assumed in making the uniformity calculations is
shown in Fig. 2. The terms shown in Fig. 2 are defined as for Equation 1
with

deposited film thickness at the center of the substrate,

t
o]

t

e deposited film thickness at the edge of the substrate.

The desired uniformity range is illustrated by the dashed lines in Fig. 3.
Curve 1 in Fig. 3 was computed from Equation 1, whereas curve 2 was obtained
from information provided by Airco-Temescal Corporation.7 Thus, as is
shown in Fig. 3, a distance from the center line to the source of
approximately 20 cm together with hv = 45.7 cm should theoretically yield
the desired uniformity.

A schematic representation of the experimental equipment assembly
used for the 235U02 evaporation is shown in Fig. 4. Pellets containing
approximately 20 g of U0, were pressed and placed in each of the
electron bombardment evaporation sources. The chamber was evacuated
to the low 10~5 or high 10~€ torr range by using a 0.4 m3/min. roughing

pump in tandem with a 15~cm diameter o0il diffusion pump. The substrate
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was heated to 200-250°C and the evaporation was begun; substrate heating
was necessary to insure an adherent bond between the titanium substrate
and the UO» layer. Uniformity as well as average thickness of the U0,
deposit was determined by weighing test plates placed on each side of
the substrate as shown in Fig. 5. A resonating quartz crystal thickness
monitor, shown in Fig. 6, was calibrated and used to determine in situ
when the approximate desired film thickness was obtained., Also in Fig. 6
can be seen the electron bombardment heat sources, 23500, pellets, quartz-
iodide heating lamps, and the mounted titapium substrate. Since, as was
shown in Fig. 4, two separate power supplies were used (one for each
electron bombardment gun) it was anticipated that perhaps it would be
difficult to maintain exactly the same evaporation rate from each source
and consequently the uniformity requirements of +3 percent would be difficult
to achieve. The desired mean thickness range wac 0.8 to 1 mg/cm?. It
was decided to evaporate until approximately 0.8 mg/cm2 of U0, deposit
had been attained, and then determine the real thickness using the tared
test plates as well as to verify the uniformity of deposit across the
titanium substrate. If the desired uniformity was not obtained, the
evaporation source on the side containing the lowest areal density could
then be adjusted and more material evaporated to bring the total areal
density across the substrate to within the desired uniformity range.
‘After two such titanium substrates were coated, they were glued to

/
a thick aluminum substrate in a specifieq pattern. One such pattern is

2

o
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illustrated in Fig. 7. As shown, one plate was attached in the central
region and the other plate was sheared and glued to each side of the
central diagonal plate. During neutron irradiation, as the membrane
moved over the source surface, it was highly desirable not to have a
straight line discontinuity in the membrane pore distribution resulting
from few or no fission fragment tracks. This is the purpose for angling
the deposits as shown in Fig. 7.

Uniformity of deposition obtained for two U0, evaporations is shown
in Fig. 8. These uniformities were obtained very simply by counting
the alpha disintegrations over a 2.54~cm diameter area at various locatiomns
on each substrate. As is shown, the desired uniformity (for the most part)
was obtained for the 0.8 mg/cm? coating with slightly larger variations

for the 1.0 mg/cm2 coating. Both coatings were deemed acceptable.
LARGE AREA DEPOSITS OF NpO,

One of the chief concerns of today is our national energy problem.
The Unifed States is trying to become energy self-sufficient by relying
heavily on research in geothermal, coal gasification, solar and nuclear
processes, Many believe the energy problem can best be alleviated or
reduced through an enhanced reliance on nuclear power. Thus, more and
more research is being conducted to better characterize existing and
proposed future reactor materials. The goals of this research are to

make power reactors efficient and safe for use on a large scale to meet

the energy needs of the future.
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One phase of the reactor research effort involves determining
accurate cross-section data for the various reactor fuel materials. It
is important to know, for example, the ratio of the neutron capture
cross section to that for fission for certain reactor fuel materials. A
high ratio would mean that more neutrons are being captured and fewer
fission events taking place. These values are needed to accurately
calculate fuel utilization efficiencies.

The IRML has been involved in preparing many samples such as 235U02,
239Pu02, and 238U02 for use in neutron cross—sectioﬁ measurements. In
the past <8-cm diameter deposits have been used for this purpose. The
procedures used to prepare such targets have been described in the
literature and now have been adapted for use in preparihg large—-area
237Np02 targets. The large 237Np02 deposits were used to assemble a-
fission chamber ifor measurements of the 237Np neutron fission cross
section. This data will be used‘és a nuclear cross sgction standard and
will lead to more accurate cross sections for other materials employed in
nuclear réactors. |

A total of five 237Np02 targets having a coated area of 226 cm?
(17.8 cm x 12.7 cm) were prepared by the vacuum evaporation—-condensation
of 237Np02 using an electron beam heat source previously described in
Fig. 1. Schematically, the deposition assembly used for preparing these
targets is shown in Fig. 9. As is shown, the large substrate was located
30.5 cm from the source and was rotated to achieve good deposition

#
uniformity.



The system used is shown in Fig. 10. A vacuum of <2 x 10™5 torr
was obtained by using a 0.4 m3/cn roughing pump and a 15-cm diameter oil
diffusion pump. The NpO,, in powder form, was pressed into a pellet
and placed in the electron beam gun crucible. After the system was
evacuated to <2 x 10”7 torr, the rotating aluminum substrate was heated
to approximately 200°C and the evaporation initiated. Actual NpO»
thickness and uniformity was determined by weighing tared satellite
targets after deposition was complete. An areal density of approximately
100 pg/cm? was obtained on both sides of the five 0.025-mm thick aluminum
substrates. Deposit uniformity was <8 percent and the vapor collection

efficiency was approximately 4 percent,
SUMMARY

Very large area deposits of actinide oxides ca. be prepared by
physical vapor depoéition. Normally, the 6nly liritation in achieving
the required uniformity of such deposits are the expense of the material
and its availability. In most instances, uniformities of <5 percent can
be achieved by employing single or multiple evaporation sources and

adjusting the source-to~substrate distance.
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FIGURE CAPTIONS

Electron beam evaporation source.

Schematic showing terms used in calculating the film thickness
profile from two electron beam sources.

Curves showing the uniformity variation for different distances
from the two electron beam sources.

Schematic of the system used for the 235UOzevaporations.
Close-up view of the rvrotary substrate mechanism, quartz iodide
heater lamps, quartz crystal monitor, and test plates used in
film-thickness determination.

Interior view of the 235U0, evaporation system.

Schematic showing arrangement of 235y, deposits on final
substrate.

Uniformity of the 2350, deposits for 0.8 mg/cm? and 1.0 mg/cm?
thicknesses.

Schematic of 237Np02 system.,

Glove box system used for 237Np02 evaporations.
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Alternatives to Thin Film Carbon Foils for Use
in Stripping Heavy Ion Beams
P. Ramsay

*
Department of Physics, Stanford University, Stanford, (.. ifornia 94305

In reviewing papers nublished concerning stripper foil behavior, several
questions arise. Why is it that so much work has been done on prolonging
the life of carbon films and so little work done on looking for a substitute?
What good does it do to bake, rotate and oscillate foils when there is no
clear cut explanation of why they break in the first place? Well, as a
target maker I have a sneaking suspicion that I am partly responsible for
the bulk of the research being confined to carbon foils. Like people climb
mountains, because they are there, physicists use carbon foils because we
can make them.

In an attempt to atone for this negligence, I gathered up a cluster
of surplus targets and ran them in the Van de Graaff accelerator at Stanford.
Using an O+6 beam I destroyed thin films of B, Al, V, C and Sioz. This
paper would end right here except that two of the targets did not break.
The first was a 2 ugm/cm2 carbon foil backed witk 10 uqm/cm2 gold. (Figure
la). This was exposed to the beam about the same length of time as a
2 ugm/cm2 carbon target without any gold backing, which tore at the beam
spot. Here you can see the familiar dark area in the center which could
be due to carbon build-up by the cracking of hydrccarbons. In an attempt
to find out if this carbon layer varied depending on the target material,

we ran a HfO film which was glass transpavent uander similar conditions.




The HfO target did not break and when examined two features were readily
apparent. First it did not have as discernible a dark spot and the film
now was wrinkled. (Figure lb). The creases radiate out from the edge
of the beam spot which remained perfectly flat and thev stretch to the edge
of the film which is 1.25 cm ir. diameter. There is evidence that the
thickening of the beam spoit foil area is not due to carbon build-up.2

Couvld the obvious strain present in the HfO foil be due simply to
this thickening effect? We next cvaporated an Al foil which had a center
circular areca (6 mm diameter), twice as thick as the rest of the film (2 cm
diameter). (Figure lc). This foil is 50 ugm/cm2 and 25 _Lsgm/cm2 revpactively.
Thinner films, 10 and 20 Ugm/cm2 were tried but the center scctions tore
while drying. In the Al foil the thickened area is perfectly round, but
if you look closely you can see that the tension between the wrinkles has
distorted the edges of the circle into almost suraight lines. Now our
beam spot at Stanford is oval so the stresses are not as uniform. When
we cxamined *the broken carbon-only foil (Fig. 1d) and matched up the torn
flaps we could see thac tear was acrcoss the thick areca. It has always
bothered me that a film should ever break at its thickest part but if we
visualize a mechanical dimensional distortion under radial stress, starting
to rip at a point on the edge of the beam spot, we can see hc+ it could tear
across the center in one or possibly two directions and then stop abruptly,
because the strain is relieved. This kind of tearing was the case in most
of our foils and is typical of carbon greater than 1 c¢m in diameter.
Thornton3 reports that some foils after breaking flap in the beam and
continue to strip electrons intermittently. It certainly seems possible

that the rupture of a stripper foil could be due to purely mechanical strains
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built up by a upiform flat foil becoming non-uniform, specifically thicker
in the beam spot and thinner all around. The next question was, what
mechanism could be responsible for thickening the film?

Early in  the developmeh£ of the semi-conductor industry there was a
great deal of trouble caused by thin film devices failing due to what came
to be called a mass transport effect.4 {Figure 2). This is an aluminum
film 1500 A thick which has been carrying a direct current density of
lO6 A/cm2. Both grain boundary and surface transport have left voids in
the film. (Figure 3}. Here we have a gold film, 6000 R thick before and
after passage of 2'106 A/cm2 at 350°C for 2 hours. You can see the voids
at the cathode on the¢ right and hillocks at the anode on thé’ieft. In
electromigration, aluminum and gold atoms move in the direction of the
electron flow, i.e. toward the anode. For alternating current no mass
transport has been observed. We know that when an ion beam passes through
a foil it scatters off electrons (Figure 4a). In a carbcn foil then,
we have in essence a direct current flow from the outer rim of the foil
toward the bezm Spot.5 There is also a temperature gradient both cf these
conditio~: favor electrotransport6 (Fig. 4b). Here we show schematically
what co.ir result if this phenomena is actually taking place. The perimeter
of the beam spot would be depleted of material as it is transported toward
the center; the beam spot area thickens; energy transmission decreases;
the film tightens; radial stress lines appear from the strain of non-uniformity;
and the foil tears. BAll these observed facts fall nicely into place, but
is it theoretically possible?

Significant mass transport of A1 and Au thin films occurs at current

2, . .
densities of 1 to 2"106 A/cm  in films 1500 to 6000 A thick. Most carbon



stripper foils are on the order of 100 to 300 A thick. (Figure 4c). To
calculate the area we use Tdt where d 1is the diameter of the beam spot
and t the thickness of the film. For a 4 mm 4 spot the area is about
2.5'10-6 cm2. In order to get beam densities of lO6 A/cm2 in the stripper
foil we would requiré a current of around 1 Amp. The actual current through
the stripper foil7 is approximately the same as the beam current incident
on the foil estimated at 10 to 100 pA. This gives rise to a current density
of 10 to 100 A/cm2. This is too low by a factor of 10,000.

In reviewing the literature available on electromigration we were
unable to find enough information to calculate the current densities needed
for a thin carbon film to exhibit mass transport. Most of the work has
been done with metals and surface areas were on the order of 10_5 cm2.8
Although there is a correlation between self-diffusion coefficients and
electrotransport, the other factors entering into the equation are unknown
for carbon. We decided to duplicate some of the earlier experiments” and
substitute carbon for aluminum.

Carbon films 1 to 10 mm wide and 1 tou 2.5 lO_-6 cm thick were deposited
on glass slides. The ends were coated with aluminum for electrical contact
and the length of the carbon strips varied from 1 mm to 5 mm. All of
the samples failed. (Figure 5a). Resistence varied between 5 and 22 Meg ohms.
The lifetimes in a vacuum of lO—5 Torr were from 8 hours at a current
density of 2.7 chmz to 60 minutes at 10 A/cmz. This is not the best illus-
tration of what happened but it shows quite well that the carbon film is
ruined. In other cases it was more apparent that there was a depletion of

the film at the cathode. When viewed through a microscope there were some

interesting features. Before total failure often there were streaks running
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the length of the carbon film between anode and cathode. In one case there
was a slight tut definite decrease in resistance before failure. Possibly
some éf the aluminum atoms diffused across. Structural changes did not
occur linearally with time. In every case destruction seemed to accelerate
noticeably the last few minutes.

There was at least one more piece of information that we felt was
needed. Since one of the original targets was a thin <luminum foil and
it was destroyed in the beam, could there be a failure in an aluminum film
at these low current densities? We evaporated a 4 ugm/cm2 aluminum strip,
6 mm wide and 7 mm long on a glass slide and covered the ends with a thick
coating of aluminum for electrical contacts. A 22 Meg ohm resistor was
put in the circuit and a direct current of 100 pAmps was run through it
for 90 minutes. The resistance slowly increased (a total of 65%) then the
film failed. (Figure 5b). When examined the open channel at the cathode
end was wider than the open area at the anode end. The channel was devoid
of debris at the cathode side but there were islands of Al grains in the
anode channel. This is not conclusive evidence of electrotransport but
it is in keeping with the findings of other researchers except for the
lower current density by a factor of 1000 and the considerably larger
surface area, 0.42 crn2 compared to 3.5'10—5 cm2.

To sum up then, we find that electromigration cannot be ruled out
as at least one of the possible mechanisms for causing carbon stripper foil
failure. If mass surface transport of carbon atoms in the direction of
the electvon flow is the primary factor then we can use this inforxrmation
to design a longer-lasting solid stripper. Beryllium for instance, has a

self-diffusion factor of only 0.5, while for carbon it is 5.0. Instead of
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a material which flows with the electrons why not a mixture of say carbon
and platinum. It has been suggested that platinum migrates against the
electron flow. Certainly it would increase thé life of present stripper
foils to start with as large a beam spot as possible and slowly focus it
smaller. Also the larger the diameter of the foil the greater the lifetime.
The smaller the area of the beam spot the shorter the lifetime. Heating it
evenly reduces the temperature gradient and probably makes the foil more
elastic. Making the supporting plastic thicker should help by furnishing
a stronger mechanical support. Dielectrics like boron nitride are a
possibility. At any rate the need for a solution is growing. Perhaps, a
single crystal carbon foil is the answer; in that case, diamonds will be

a target-makers best friend. There are five low Z elements that theoretically

could serve as solid stripper foils; Be, B, Mg, Al and si. If we add to
that just low Z compounds like BeO, BN, and SiC we get_over 20 possibilities,
not to mention mixtures 1like Si with a dash of phosphorous or alloys

like Be/Al. Then therc are variations like grain size and crystal structure,
thickness and diameter. Maybe one foil the size of a large pizza could

be rotated like a phonograph record and would last 3 years.

Are there any more suggestions?

]
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THE PREPARAT!ON OF NITROGEN=-15 TARGETS

by

~J.D. Stinson

Division of. Physics, National Research Council
Ottawa, Canada :

A technique for the preparation of nitrogen-15 targets using
titanium as a reactant is deseribed. Targets in the range of 5 wg/cm?
to 75 ug/em? have been routinely produced. Evaporation and nitriding

temperatures, chemical cleaninn of substrates and vacuwn system

requirements are given.

Introduction:

Over the past eight years a technique has been used for the

production of nitragen-15 targets. Though the method of producing

(n

nitrogen targets is well known, the technique described has been

developed to provide better quality targets on a routine basis.
Special attention has been paid to vacuum system requirements,
deposition temperature and nitriding procedure to obtain some degree
of purity. These targets have been used for oy studies at the Van de

Graaff accelerator installation at the National Research Council of

Canada.
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Vacuum System:

A commercial vacuum system with a 50 cm bell jar and a 10 cm
oil diffusion pump has been modified to reduce oil back-streaming. A

water cooled chevron baffle and a liquid nitrogen baffle have been

' added to provide the trapping for the work chamber. Oil back-streaming

is further reduced by the addition of a zeolite trap betwasen the fore-
pump and diffusion pump. Roughing of the work chamber is accompiished

with a separate zecolite trapped pump. The vacuum obtained with this

| system is better than 1077 Torr after six hours of pumping and permits

the evaporation process to proceed at better than 1076 Torr.

Evaporation Source Preparation:

A tungsten source with a | cm dimple and a 0.25 mm thickness
is used to evaporate the target fifahium. A 20 cm distance from the
evaporation source to the faréef substrate has been selected. This
distance permits an acceptable uniformity of target thickness and allows
easy calculation of source charge. A | mg charge of titanium evaporated
to completion will give a | ug/cm? coating of nitrided titanium.

A three strand tungsten helix source 4.5 cm long x | cm diameter

is used to evaporate 0.25 g of titanium for getter pumping.

A pre-firing of both evaporation sources at 1500°C in vacuum

is carried out to minimize target contamination,

Substrate Preparation:

Metallurgical grade tantalumsheet in a strip 15.25 cm x 2.5 cm

x 0.025 cm is used as a target backing. After deposition each strip




supplies four targets, 2.5 cr x 2.5 cm in size, from the centre section.
To provide a clean surface for the titanium deposition the tantalum
“strip is chemically polished according to a recipe by Tegart. 2 The
tantalum is immersed for 3 to 5 seconds in the following solution:
5:2:1.5 or 2 by volume of 98% H,S0,, 70% HNO3, 49% HF, The tantalum is
immedfafely rinsed in de-mineralized water and then dried in a nitrogen
jet. The substrate surface after this +rea+men+ appears shiny and may
have some orange peal effect under low magnification. The tantalum

substrate is weighed on a semi-microbalance for eventual target thickness

determination.

Chamber Fixturing:

Three pairs of water cooled electrodes feed power for target
processing and are shown on the accompanying drawing. One pair of
electrodes is required for each of the following functions: the
evaporation of target titanium at A, outgassing of the substrate and
nitriding the deposited titanium at B, and the evaporation of titanium
for getter pumping at C. Titanium evaporated for gettering is shielded
from the target substrate as iilustrated.

The power required to perform the steps in the process at A
and B is supplied by one power supply and is switched from one pair of
electrodes to the ott.er during the procedure. A second supply provides

power for getter pumping at C. Both supplies are capable of providing

2 KVA of power.

A pyrex flask containing 15N with a break seal and stopcock
at D is attached 1o the chamber, A bleed valve provides control for

leaking in the required quantity of gas.
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Processing Procedure:

A base vacuum of better than 107% Torr is required before
preceding with the deposition process. Filling the trap with liquid
nitrogen improves the vacuum on our system to better than 10~7 Torr.

Target processing is started by first outgassing the tantalum
substrate by heating to 800°C for one or two minutes or until outgassing
has ceased. The system pressure is allowed to- recover before coniinuing
further with the process. This usually takes no longer than three or
four minufés{

The titanium getter source and the evaporation source are
powered to simultaneously raise their temperatures to 1000°C, with an
accompanying rise in vacuum pressure being observed. The getter source
temperature is further increased to about 1700°C or until the titanium
melts and begins to evaporate. The pumping action of the evaporating
titanium rapidly reduces the chamber pressure lower than 10=7 Torr.

The evaporation source TemperaTQre is now increased to completely
evaporate the target titanlum and takes abcut one minute to do so. After
switching off the power to hoth evaporation sources, the vacuum chamber
is isolated by closing the main valve.

Nitrogen-15 gas is bled into the vacuum chamber to a pressure
of 300 millitorr. Nitriding is accomplished by heating the titanium
coated tantalum in situ to an observed temperature of 750 to 800°C and
maintaining this femperature for five minutes. The target is allowed
tu cool in the 15NAenvironmenT for one half hour before removal from {

the chamber. Weighing of the target and calculating the thickness

completes the procedure.
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" The temperature figures -quoted for the nitriding process are
readings taken with an optical pyrometer and have not been corrected

for emissivity.

General Comments:

;Experfence has shown that the nitriding temperature range
pfeviqusly stated is important. An incomplete nitriding reaction is
the fesulf.of the +¢mpera+ure be%ng too low; whereas, too high a
temperature can cause niffogen diffusion intfo the tantalum substrate
resuiting in a target with a poorly defined thickness.

The important contaminunts in oy studies are the low Z elements.
These give a high background because of large cross sections for o
reactions. Carbon and, to a lesser degree, oxygen are present in the
targets produced. Researchers(B) nave included in a pub!ication, the
results of an investigation uf the purity and stoichiometry of target
#148. [t is not wlthin the séopé of this paper to report their compliete
findings; briefly stated, they found the following:

'l"iNo.79 was represen+a+ive of the nitriding efficiency.

The carbon, titanium atom ratio was equal to 0.11.

The oxygen, titanium atom ratio was less than 0.09.

I+ is ﬁof known if these results are valid for all the targets producéd.

Some_éxperimenTal work with reactants o+her.+han titanium
has been done. Zirconium and niobium did not give as good results as

titanium and considerably less development Time was expended on these

elements.



Improvements on this technique can be made; for example,
Titanium of higher pur?fy could be used and ai oil free vacuum system
would ﬁndoub?ed!y reduce carbon contamination.

More than 160 targets have been groduced by the mefhod.

outlined here and improvements in technique and equipment are being

evaluated.

The author gratefully acknowledges the advice and encouragement

of Drs. R.S. Storey and W.R. Dixocn.

(1) Aitken, J.H., University of Toronto, Private communication.
(2) Tegart, W.J. McG., The Electrolytic and Chemical Polishing of
Metals, Pergamon, New York, 1959.

(3) Dixon, W.R. and Storey, R.S., 1971, Can. J. Phys. 49, |3,
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_ RE]jUCTION TECHNIQUES FOR ISOTOPIC. MATERTALS
' Joanne M. Heagney and Joseph S Heagney

MlcroMatter Co., Seattle, WA.

P

INTRODUCTION

TheAinventory'form.of many of the isotopes of the elements provided

by 0.R.N.L., Isotope Sales is other than metal. The reason being in most

cases that the metal is not the most stable form of the element. While
most of these isotopes can be obtained from O.R.N.L. as metal, it is clear=-
ly aduantageous in the case of the more reactive elements for the tafget-
maker to perform the reductions simultaneouéfwith or just prior tc fabni-'
cating the target. ' '

Table 1 lists those elements whose inventory“form at O.R.N.L. is other

than metal and which can be ea311y reduced using equ1pment and materials

readily available to most target maklng facilities. Three basic reductlon

methods are indicatedj furnace reduction with hydrogen gas, “reduction-
dlstlllatlon with active metals or carbon and electrolvtlc reductlon.

- These three methods will be discussed separately with attentlon to varia-

‘4tions between different metals using the same reduction method.

HYDROGEN REDUCTIONS

Hydrogen reductions are by far the 51tp1est and most stralght forward

of all the reduction technlques. U31np a common tube furnace, reductlons

of 1sotoplca11y enriched Crp03, Cu0, GeOz, InpOs, Fe203, Pb(N03)p, T1 203

and W03 can be accomplished. The oxide is placed in a combustion boat and
the boat inserted into the tube furnace. The combustion boat must be care-
fuily selected so as not to contaminate the resultant metal (e.g. Iron forms
a carbide if a graphite boat is used). Care must also be taken-to-select a
combustiOn'tube which is serviceable up'to the naximum temperature at which
the reduction will be carried out. Vycor tubes may be used up to 1000°C,
Quartz to 1300°C and S1111m1n1te (whlch is opaque) up to 1700°C, -However,

. for most reductlons, a Vycor tube is suff1C1ent A hinged type tube furnace

is extremely advantageous in that it allowe one to view the material when

"3jiggling" the combustion tube to consolidate a lower melting metal. It

92 "



also allows for more rapid ccol down after reduction. Hydrogen from a tank is
passed through a cataiytic cartridge to remove oxygen and then through a trap
_of either phosbhorus pentoxide ‘'or liquid nitrogen to remove water vapor. After
thoroughly flushing the system with hydrogen, the gas may.either be ignited

and burned at thé cutlet of the combustion tube or vented in a fume hood. If
the excess hydrogen gas is ignited, a small oil trap should be used to prevent
"flashback explosions™ in the tube which could be dangerous and costly in terms
of loss of material. Table 1 lists the proper temperature range and type of

combustion boat to use for each element. . ‘
Lead isotopes are provided by O.R.N.L., Isotope Sales as the nitrate.

One can convert the nitrate to oxide by dissolving it in deionized water, add-
ing an excess of ammonium Hydroxide to precipitate lead hydroxide and finally
by adding hydrogen peroxide to precipitate lead oxide. Wash the oxide thor-
oughly, centrifuge, decant, dry and then reduce with hydrogen. One can reduce
lead nitrate diréctly by using a covered combustion boat with a couple of small
holes in the cover to allow hydrogen flow. The cover prevents the nitrate from

"spitting out" of the boat when it decomposes to the oxide.

REDUCTION - DISTILLATION

This method in general utilizes an active reductant like Aluminum, Cal-
cium, Lanthanum, Zirconium, Thorium, etc. or Carbon, whose oxides are volatile.
Usually the process takes place in a vacuum evaporator using any one of the-
many heatiﬁg methods to achieve the reaction temperature. In moust cases, the
feduced metal evaporates near the reaction temperature, while the reductant and
its oxideé have very low evaporation rates at this temperature. In these cases,
one can often evaporate a target foil directly onto the substrate. Usually,
however, the reaction goes at a high enough temperature to cause some contamin-
‘ation of the deposit and a re-evaporation or re-distillation step is required.

The powdered oxide of the material to be reduced is mixed with the finely
divided reductant and the mixture is pressed into a pellet to assure good
physical contact and to exclude as much gas as possible. One and one-half to
two times thestochiometric ratio of reductant to oxide is used to allow for
oxidized reductant and non-uniform mixing. It is important to use finely di-
vided reductant, but since active metal powders oxidize rapidly, they are
most effective is freshly prepared from the bulk material just prior to each

réducfion. Filings from a lump are usually used, but there is some concern about
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V contammnatlon from the flle, therefore, a separate, unoxldlzed, hlgh qualmty'

f11e is recommended for ‘each reductant used. The pellets are loaded into a

tlght-gcometry souroe and heated to the reactlon temperature. For Ca, Mg,

o Bry Sm and Yo oxldes a re51stance-heated tantalum p1nhole or tube-type .

source is used (See Flgure 1). For the hlgher temperature oxides like Dy, -

‘ Er, Gd, Nd and Lu an electron heated tantalum crucible’ set-up is used.

. The rate of heatlng should be slow and care. taken to avoid "runaway" as

rap:d out-ga531ng may eject pellats from the more open sources or deposit

' small. ”Splts"‘Of material on the substrate. The substrate is placed close

to the source opening and in the Eaae'of large quantities is often movable
to allow for the increase in thickness of the dep051t. Substrates are

,chosen for non-lnteract1on with and easy removal of the depOS1t Polished

tungsten sheet is often.used. Some very carefully designed sources for
use with induction heatlng have been made and reported by O.R.N. L.1s 2 A
more detaiied discussion of the reductlon of the rare earth ox1des may be
found in the 1:terature.3’

In the case of the carbon reductlon of Chromium and Iron, a .graphite
crucible in an electron heated crucible set-up is preferred; while for

Cadmium and Zinc a resistance heated tantalum pinhole-type source is used.

.The reaction is monitored by the increase in pressure due to the evolution

of CO; and CO. Little contamination occurs due to the high purity of carbon
available and the extremely low vapor pressure of carbon. For large quan-
tit{es the pumping load may be~so large as-to require extremely long times
in the usual vacuum system. Also carbide formation may cause low yield or

poor final metal.

" ELECTROLYTIC REDUCTION

' Electrodepositiom is the most conservative method for the reduction of
isotopic cxides of Zinc and Cadmium to obtain metal for rolling or vacuum
evaporatioh. Usually better than 90% of the metal can bé deposited on the
.cathode and what remains in solution can be ricovered chemically., Figure 2
illustrates a simple electroplating ceii used for plating small quantities
ofimaterial. .Construction details were designed for easy assembly and dis-
assembly. The volume of pLat:ng solution is kept to a minimum in order to

maxnmlze the concentratlon for ‘better plating eff1c1ency and higher quallty

_depos1ts. A plating cell with an internal diameter as small as 1/4" and a

“”ff Q{'u’”



solution volume of one to two milliliters might be used when plating limited
quantities of iéotopes of Zinc and Cadmium. It is also important to keep
'thé plating baths free from unnecessary additives in order to obtain metals
of as high a purity as possible. Some plating baths resultlng in high
ry1€1dS and good quallty dep051ts are as follows:

Cadmium - Dissolve CdO in NalN seolution. Add NaOH. Ratio of consti-
tuents should be about 2:6:1 (Cd, NaCN, NaOH). Xeep the
volume of solution to 1.5 ml. depending on the guantity of
isotope available. Plate onto polished stainless steel or
platinum. Use a platinum anode. Current density should be

5-10 ma/cm?,

Zinc - Dissolve Zn0O in NaCN solution. Add NaOH. The ratio of

i constituents should be 1.5-2:3:3 (ZnO, NaCN, NaOH). Use a
platinum anode and either a platinum or,stalnless steel
cathode. Current density should be 8-10 ma/ qmz,

Dlssolve Zn0 in dilute Hp50,. Add just.enough NaOH to
precipitate basic zinc oxide. 'Then barely redissolve the .
precipitate with dilute H»50,. The pH should be no less
than 3.5. Dilute NaOH must be added dropwise as the dep-
osition progresses to maintain the pH above 3.5. A plat-
inum anode and polished stainless steel cathode are used.
The current density should be 2-10 ma/cmz.

Deposits may be either flexed free from the cathode in the case of the
less adherent ones or they may be scraped free using a razor blade. If the
resulting metal deposit is to be used fTor rolling, it should be as free of
oxides as possible. Clean metal beads may be obtained by melting under
ammonium chloride.5 This is a rather risky procedure whén small quantities
of material are involved, as the procedure is apt to cause significant
" losses. Press the metal into a single pellet and place it at the bottom of
a small pyrex, conical-bottomed centrifuge tube. Add just enough ammon-
_ium chloride to cover the pellet. Carefully heat the bottom of the tube
over a bunsen burner until the Zinc or Cadmium metal just melts and swirls:
slightly in the molten ammonium chloride. Cool quickly'and remove the
bead of metal. Wash it thoroughly in deionized water and dry in acetone.
If significant Joss of material does occur, one can recover the material

chemically from the ammonium chloride. This cleaning technigue may alsb be

used for lead metal.
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REDUCTION DATA

- o0

“TABLE 1.

MATERTAL ~ -REDUCTANT AND METHOD  TEMP.(C) ~ BOAT TYPE
Ba(NO3)2 " Lanthanum Red.-Dist. - 900-1200 Ta Pinhole

' ) . e or Tube
.Cdo Hp in.Tube Furnace 350-425 Vitreous C

B Carbon Red.-Dist. - 600-800 _ Ta Pinhole
cdo Electroltic - -
CaC03 Lanthanum Red.-Dist. . 900-1200  Ta Pinhole

P o : ) ) or Tube
Cr203 Ho in Tube Furﬁace 1300-1500 Porcelain -
Crp03 Carbon Red.-Dist. 1000-1500  Graphite or

) ) ’ , ‘Ta Crucible’
Cr203 Electrolytic - - - -

Cul Hy in Tube Furnace 200-600 Vitreous C
DYZOB ‘ Zr or Th Red.-Dist. 1600f1800 Ta Crucible
ErZOB " " " - 1700-1900 " " ’
Euz05 Lanthanum Red.-Dist. - 900-1200 Ta Pinhele

. . or Tube
Gaz04 Hp in Tube Furnace About 500 Vitreous C
‘ or Quartz .
Gdp04 -Zr or Th Red.-Dist. 1800-1950 Ta Crucible
GeO2 Hy in Tube Furnace 600-700 Vitreous C
' C or Quartz
‘ In203 " " " About 500 Vitreous C

or Quartz

KCOMMENTS ,

Convert nltrate to carbonate w1th (NHu)zCO3 .
Reduce to oxide by - heatlng in Ta boat.: j' .
Low yiela due to volatlllty of Cd metal.

CO2 evolution limits power input and
indicates rate of reducticn, ‘

See section’ on electrolytlvbred. for detalls. fe

Heat CaCO in Ta.boat to about 85000 to -
reduce to”Ca0. . . ' SR

Use liquid . n1trogen water trap

- COp. evolution limits power 1nput and
indicates rate of reduction.:

, See Reference 6 for detalle.

See section on Red.-Dist. for details.
" o " - B " S

" - - " . ’ u

- See section on Red.-Dist.. for details
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. MATERTAL

Fe203
Pb(N03)
LUZOB
MgO

Nd203
Sm203

3102
ST(N03)2

T1,04
Sn02
Wo5
Yby04

Zn0
Zn0

REDUCTANT AND METHOD

H2 in Tube Furnace
Carbon Red.-Dist.
Hs. in Tube Furnace
Zr or Th Red.-Dist.
Lanthanum Red.-Dist.

Zr or Th Red.-Dist.
Lanthanum Red.-Dist.

Tantalum Red.-Dist.

Lanthanum Red.-Dist.

H2 in Tube Furnace

" f

Lanthanum Red.-Dist.

Carbon Red.-Dist.

Electrolytic

TABLE 1,

REDUCTION DATA

TEMP. (°C) BOAT TYPE
600- 900 Quartz or
Porcelain
1000-1500 Graphite or
Ta Crucible
400~ 600 Vitreous C
1850-1950 Ta Crucible
800-1200 Ta Pinhole
ar Tube
1650-1900 Ta Crucible
900-1200 T3 Pinhole
or Tube
1800-2000 C Crucible
900-1200 Ta Pinhole
or Tube
300- 325 Vitreous C
600-1000 Vitreous C
450~ 800 Quartz
900-1200 Ta Pinhole
or Tube
600~ 800 Ta Pinhole

COMMENTS

CO, evolution limits power input and
indicated rate of reduction.

Convert nitrate to oxide and reduce or
use covered combustion boat when
reducing nitrate to prevent losses.

See section on Red.-Dist. for details.

" ” 1

" " C "

" " ”n

Convert nitrate to carbonate with (NE,)2C03,
then reduce to oxide at 850°C in Ta boat.

ide is volatile. Do not exceed 325°C.
Use wet Hy - bubble gas through water,’

Heat at 4500C to reduce to metal., Then
heat to 800°C for i hr. to prevent metal
from becoming pyrophoric.

See section on Red.-Dist. for details.

See section on electrolytic red. for details.

See section on electrolytic red. for details,
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Fig. 1. Resistance-Heated Evaporation Sources.
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Fig. 2. Electroplating Cell Used for
Small Quantities of Material.

1 - platinum spiral or wire; 2 - 1/4-1/2-in.-
ID Lucite plating cell; 3 - O-ring seals

4 - backing to be plated (cathode); 5 - metal
base :
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DEUTERATED TITAMIUM TARGETS ON THIN BACKINGS

A, Méens .

Centre de Recherches Nucléaires, Laboratoire PNPA
67037 Strasbourg-Cédex, France

Abstract
Stretched deuterated t1tan1um targets on different thin metallic

substrates have been prepared by evaporating titanium onto backings in

a deuterium atmosphere,

I. - INTRODU{ .ION

Deuterated titanium targets on thin substrates have been prepared
and stretched on special target'holders for recoil distance lifetime and
magr.etic moment measurements. Deuterated polyethylene could not be
used because of its rapid deterioration under bombardment. Neither was
the method proposed by Gallant 1 applicable because of difficulties incur-

red in stretching the annealed and brittle thin targets,

The method used here consisted in the evaporation of titanium in

a tenuous atmosphere of D_. The titanium gets the deuierium to form in

2’ °
the best conditions Ti . D1 6 [Ref. 2], which is stable to 500°C.

II. - PROCEDURE

A diagram of the apparatus is shown in Fig. 1. One gram of
titanium was placed in the crucible of the electron gun. The backings
, were fixed on‘ a substrate heater, 15 cm akove the cri;.cible. The sys-
tem was evacuated with an oil diffusion pump, to a vacuum of 5. 10‘6 Torr.
‘When this vacuum was attained, liquid nitrogen was forced through a

c1rcu1t located above the trap of the pump, This accessory was necessary

-100



to condense backstreaming oil vapors ".h?.t would occur at the D2 working
pressure. At the beginning of the titanium eiraporation, the backings, hea-
ted to 200°C, were protected by a shield, When steady evaporation of
titanium was reached, a'needle valve was opened to intrdduce D2 at a
pressure of 5, 10-3 Torr. After a few minutes the shield was removed

and the material prcceeded to déposit on the backings. The rate of evapo-
ration and the film tkickness were monitored with a quartz oscillator,

The evapo;'atiop was-performed over a period of 2-3 h so as to permit
the titanium to ’abs‘orb a maximum of DZ' It was found _by trial and error
that the parameters mentioned above were fairly critical for the success-

ful preparation of the films,

Targets of 250 to 300 /ug/cmz of deuterated titanium have been

marle on the following backings :

3)

- 1 mg/cmz of gold evaporated on mirror surfaced plates ~’,

- 250 /ug/cm‘2 and 450 /ug/cm2 of nickel supplied by the Chromium
Corporation. The nickel surfaces were cleaned in an argon glow dis-
charge. The copper substrates of the nickel foils were later removed
with Richard's solution,

- 800 /ug/cm2 of copper evaporated con giass slides with barium chloride
as release agent. For some of the latter the copper substrates were
removed in order to obtain self-supporting targets of deuterated

titanium, These targets; however, could not be stretched.

Target preparations are planned using other metals such as rare

earths since their deuterated forms are purported to possess a tempera-

ture stability superior to that of deuterated titanium 4).

L
o~

III. - TARGET THICKNESS MEASUREMENTS

‘To determine the quantity of deuterium occluded, use was made

of the D (p, po) nuclear reaction for which the cross section at glab= 165°

5) '

has been measured by Sherr et al. ™', Figure 2 shows typical spectra of
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scattered protons for an 1nc1dent energy of 2. 5 MeV Spectrum 2a was

obtamed by ’bombardlng the deuterated side of the target and farnished
the ratio of deutermm to titanium plus copper. Spectrum Zb is the spec-
trum obtained by bombard;ng the non-deuterated side of the target and
perm1tted evaluation of the quant1t1es of t1tan1um and copper wh1ch then
appeared in resolved peaks Taking into account the Rutherford scatte- .
ring cross section for t1tan1um, we found that the quantity of occluded

deuterium’ corresponded to approx1mately 2 /ug/cmz.

Although the pr0portion of deuterium turned out to be less than
that sometimes found in thiclkrtargets, these thin targets were well .
adapted to a plunger system, With them, measurements have been made

on magnet1c moments of the f1rst exc1ted states in the mirror nuclei "Ne

and Na [Ref 6]
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Figure Captions

Fig, 1 Schematic diagram of the apparatuvs used to prepare

deuterated titanium targets.

Fig. 2 Spectra of elastically scattered protons from a
deuterated titanium target, on a copper backing.
a) Beam impinging on the deuterated side,

Peaks of titanium and copper are unresolved.

b) Beam impinging on the non-deuterated side,

Titanium and copper peaks resolved.

»
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TARGETS OF SILICON OXIDE AND VANADIUM OXIDE ENRICHED
1N Y80 ON VARIOUS BAGKINGS -

‘A, Méens

-

Centre de Recherches Nucléaires, Laboratoire PNPA
67037 Strasbourg-Cédex, France -

_Abstfact '
' Enriched water ha.s been electrolyzed and the resulting 1802
reacted with silane and vanad1um to form 5111c0n ox1de and vanadium -

ox1de The product was then evaporated onto various backings.

I. - INTRODUCTION

Anodic ox1r’at1on is a well known techmque for makzng oxygen

‘targets, espec1ally sclf -supporting ones or those on chem1ca11y non-

..4)

reactive substrates ! This method is not apphcable if the desired
substrate, iron for example, is reactive, In such a case an oxide can
be p‘r'epha_red and e'va.porated onto a backing. We have prepared tungsten

-6)

oxide with enrichied 1‘70 as Muggleton'5 i suggested,r but for other

exper1ments, a metal derived component of lower Z was requ1red For
o 7
“one series of experiments ) silicon oxzde was prepared. For another

~séries ), where silicon was too 11ght, ‘we prepared vanadium oxide.

This report will describe the methods of preparation of silicon and

. e . 8 .
vanadium o:ides usmg.l O enriched water,

. - PREPARATION

‘ A Silicon Ox1de :

The s111con ox1de preparation 1s based on two reactions :

1) A’Electrolysi's 'of water to libera.te 1802,



2) Reaction of O, with silane %)

SiH4 + 202 — SiO2 + 'ZHZO.

A diagram of th€ apparatus is shown in Fig. 1. In essence, the
apparé.fus has twb functional co_mi)onents : Part 1, the vessel for the
electrolysis and Part 2, the reaction chamber for the silicon oxide
formatmn Part 1 contams the enriched water and is cooled by a water-
ice bath. This part could not be pumped and so was flushed for about an
hour with argon befcre the electrolysis., Part 2 was evacuated with a
rotary pump and then purged with argon. During the operation the 18O2 »
‘was swept into Part 2 by the circuit 456 (see Fig. 1_). The flow rate
was monitored via the number of bubbles passing a2 mineral oil trap. A
trial run with ordinary water was perfomed to deterinine the flow rate
produced by the electrolysis. The silane flow rate was adjusted to exceed
the stoichiometric proportions necessary‘ to react with the flowing oxygen,
The argon cerrier gas flow rate was the same as that of the electrolysis

| products. The excess silane burned with a small flame at the oil trap

upon contact with air, We have worked under the {ollowing conditions :

- A volume of 0.1 cm3 of water to which a small quantity of metal-

lic sodium was added to facilitate the eléctrolysis.

- An electrolyzing current of 200 mA, The.electrolysis of the water
was complyetf after approximately 150 min. The silane flow was

then stop{)ed and the argon flow continued until the excess SiH4

was flushed out of the system,

A total of 70 mg of white powder presumed to be silaoz [Ref; 9]

. was: obtained, representing a conversion efficiency for O2 of

50 %.

B. = Vanadium oxide .

‘This compound was prepared in two steps :
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1) The'pr!oducti.on of 180_2 hy electrolysis of water,
2) < The oxidation of vanadium metal by heating in 1802.
The electrolys1s was perfcrmed in a glass system 1llustrated

',schematlcally in f‘1g 2. Dur1ng electrolys1s, traps 2,3, 4 and 5 were

open and 1, 6 and 7 were closed. To prevent contamination by air, the

system was outgassed by heatmg and ﬂushed with argon. Pr1or the
"collection of the 1802' used. for the reactmn, a volume of 02 approxi-

mately five t1mes that of the c0mponents d+f (see Fig. ‘2) was electro-
) lyzed away through the o1l valve g. A syrmge was used as a reservoir

to collect the 18O , at constant pressure, The initially evacuated quartz

reaction vessel, conta1n1ng the vanadium metal, was pres surlz.ed to one

: 'atmospnere with 80 from the syringe’ m several steps, closed off by

2
- valve 6 and d1sconnected from the system, The vessel was then brought
to 800°C in a res1st1vely heated stamless steel chamber. -

With 75 c.m3 of 18O at STP and 125 mg of vanadium powder, .

240 mg of grayish-red product presumed to be V [Ref 10] was

obtamed This represents a chemical yield of 96 %

I, - TARGET PREPARATION B

For s111con ox1de targets, a pellet with a stoichiometric m1xture

of Si1802 and S1 corre3pondmg to the reaction

Si0, + Si,__..._zSio e

- was prepared. The pellet was evaporated with a Var1an electron gun onto
‘1ron foils that had-been precleaned in an ionic d1<=charge in argon, With a

2 8
16 mg pellet, f1lms df IGO /ug/cm i of S‘1_1'O were ob_tamed at a boat-foﬂ .

'd1stance of 7 cm;

The vanadmm ox1de was evaporated in the form in wh1ch it was

‘, - ormed usmg a procedure s1m1lar to that for S1180 F1lms of 150/ug/cm

_were obta1ned irom a 30 mg. pellet



The ‘resulting targets were used in magnetic moment measure-
7-8) . X . ' .
ments ) in which the _180 enrichment was found to be about 90 % in

all cases. The initial 18O enrichment of the water was 98.5 %.
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T 'Figﬁre captibns

F'i"gure‘l."" .- Schemat1c diagram of the apparatus used for preparmg

. s111con dioxide,

Part 1l : . Electrolysis vessel

"Part 2 . Reaction chamber.

‘The cross-hatched part is made of copp*er. The rest'is in pyrex,

1-7) needle valves

a) afr'gonﬂ bott_le .

b) silan_e bottle
") manometer

qd) . té) rotary pump

e) water=ic e’ bath

f) ’mirreral oil trap
g flexible joint

h) fritt_ed glass.

. Figure 2, - Schematic diagram of the apparatus used for preparing

vanadium oxide. o
The system is made of pyrex except for the react:on vessel wh1ch is

made of quartz

i-7) l va]veS'!'
@ g o11 valves
b) electrolysm tube -
e wat er-ice bath .

. ’,;d e) _security traps

: f)a . dess1cant

Ao h) removablé svrmge

reactmn vessel
. vanad1um powder

glass-quartz connectmn., :
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PREPARATION OF ISOTOPICALLY ENRIQHED MERCURY TARGETS

H. U Friebel Dagmar Frischke,'R ‘GroBmann, W. Hering,

+)

H. J. Maler and H. Puchta

Sektion Physik der Univefsit&t Miinchen, Abteilung Kernthsik

8046 Garching bei Minchen, W-Germany

ABSTRACT

Mercury targets have been prepared in form ofngS-films,
consistinq;af isbtopicdlly enriched mercury and éulfur. The sulfi-
de compound was chosen because of its compafatively high thermal
. stabllity. Starting up with HgO and elemental S, a three—step pro-

cess was developed resulting in black HgS-films:

1. Metallothermic reduction of HgO to metallic Hg.
2. Conversion of metallic Hg and powdered S to HgS using a ball .
m;ll"

3. Vacuum sublimatioh of HgS on a LNé;gooled metallic backing

The procedﬁre was utilized for fhe'routine productioh of HgS-
targgts in ;he thickness range between 5,’.1_g/cm2 and;3 mg/cm2 on

' 80 p,g/cm2 up to 10 mg"/cm2 thick Al, Ni, Cu and Bi foils. The over-
"qii effiéiencf of the process is approximately 20 %.A

*). presented the~péper '] o
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1. INTRODUCTION

Tne primary difficulty in performing nuclear reactions on mer-
cury is usually to obtain a suitable target. We have prepared isoto-
pically enriched mercury targets in two different ways: first, by
electrolytic deposition of mercury metal1) and second by vacuum eva-

poration of HgS, a special selected mercury compound.

Electrolytic deposition of mercury metal requires a metallic

. backing which is able to form an amalgam as for example copper, gold
or bismuth. A great number of bismuth-amalgam-targets has been pro-
duced and tested in our laboratory. It became apparent during the
course of this development, that the homogeneity and the in-beam sta-
- bility of these targets were unsatisfactory. On the other hand, va-
cuﬁm<eondensed mercury sulfide films on metallic backings proved to

be excellent targets for heavy ion transfer reactions.

This situation is illustrated by Fig. 1, which shows two spec-

tra originating from 204Hg. The spectrum on the left was taken with

a 204HgS target on a thin aluminum‘backing. It is a typical spectrum
of a homogeneous target, with two gaussian shaped peaks indicating
elastic scattering from the ground state and inelastic scattering
from the first excited state, respectively. The spectrum on the right
was taken with a metallic merxcury target on a bismuth career foil.
-1t features an elastic peak with a large low energy tall ThlS in-
dicates strong energy straggllng, caused by severe et 1nhomoge-
neities. In fact, the average thlckness of this target is 1.5 mg/cmz.

The local effectlve thickness however fluctuates between O~and

13
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17 mg/cm2 as may be estimated from the shape of the tail.

The maximum allowed beam current is about 20 particle nA for

~the HgS-tat znd about 1 particle nA for the amalgam target.

‘These facts demonstrate the superior quality of the sulfide tar-
get. In the following, a detailed description of the preparation of

HgS-targets will be presented.

HgS was selected as the most suitable compound for mercury tar-
gets because of its chemical and thermal stability. In addition, at
least one sulfur isotope could be tolerated as a target compound in

all our experiments with mercury.

Two modifications of mercur§ sulfide are known: a red, hexago-
nal g-form, commonly known as cinnabar, and a black, cubic S8-form
known as meta-cinnabar. Our preparation methods result in thin films
of the black, meta cinnabar modification. This is of no importance

for the nuclear experiments.

2. CONCISE PROCESS DESCRIPTION

The rrocess of preparation depends upon the question whether
both mercury and sulfur must be isotopically enriched or not. The
scheme in Fig. 2 gives a summary of all possible modifications of the
procedure. The most general case is the requirement of isotopic en-
richment for both elements (column (:) in Fig.2). Since isotopically
enriched mercury is supplied in form of HgO by the ORNL and enriched
sulfur in the elemental form, the first préblem is to prepare HgS

starting up with these materials. This is done by a metallothermic
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reduction of mercury oxide to mercury metal folléwed by‘a treatment
of the metal together with powdered sulfur in a bail mill whereby
mercury sulfide is formed. An excess of free sulfuf“is-femoved by a
purification process with CSZ' The second problem is ﬁhe target pré?
paration in its narrow sense. It is accomplished by vacuum condensa-

tion of HgS on a cooled metal backing.

If° the natural isotopic mixture of sulfur can be tolerated but
isotopically enriched mercury is required (column(:) in Fig. 2), the
preparation of HgS is done in the usual standard way by dissolving

HgO in hydrochloric acid and precipitating HgS from that solution

with H,S.

If the natural isotopic mixture of mercury is admitted but iso-
topically enriched sulfur is required - for instance for the prepa-
ration of a sulfur target - it is convenient to start up ﬁith metal-
lic mercury and powdered sulfur (column (:) in Fig. 2). Likewise the
trivial case - natural isotopic mixture of both mercury and sulfur -

may be tréated if mercury sulfide is not available from stock (column
(:) in rig. 2).

3. DETAILS OF THE PROCEDURE

3.1. Preparation of Mercury Metal

‘The conversion of mercury oxide to mercury metal is done by a
spec1al reduction distillation technique, utlllzlng the set-up out—
11ned in Fig. 3. The substantlal part of this set-up is a quartz

vessel-composed_ of a sphere and a U-shapedltube. The spherical part
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~can be heated by means of a simple oven, which censists of a cylin-
‘drical copper block with four installed 250 W'cartridge heaters. A'
pellet made of a,nixture of ﬁgo anq a suitable reductant is placed
"in tne spherical part of tHe vessel. The reductien is initiated by
neating the pellet up to' 500 ©c in a vacuum of approximately 10-5
Torr. The mercury vapour produced at this temperature is forced

to condense in the Ufshaped regien. This is accomplished by slight-
ly heating the upper section of the tube with.a heating tissuevand ‘
cooling ‘the fU“ by liquid nutrogen. The result of this procedure

is a metallic mirror which converts to a mercury droplet when the
tube is allowed to warm up. The efficiency of this redudtien is

The proper selection oflthe reductant is crﬁéial for the success
of the reaetion.We have found tungsten powder to»meet all require-
ments of the present problem.First, its vapour pressure and the va-

* pour pressure of its oxide are low compared to the vapour pressure of
mercury, which is a necessaryJ¢ondition'f6r every reduction-distil-
lation process. Second, tungsten enables a temperature-contrelled
completion,of the reaction. This may be‘understood by a'simple ther-
modynamic consideration. The diagram in:Fig.4 shows the oxygen—affi-
nities of some 1mportant elements by means of the dissoc1ation pres-
sures of their ox1des. The dissoc1ation pressure is the partial
pressure of oxygen above” the ox1de in a thermodynamical_equili-
brium. Tne lower the dissqciation pressure of an oxide at a &is-
‘tinct temperature, theghigner'the affinity for okygen of the ele-v
_ment in question. The" strong reductants are 1ocated in the lower

right region of this diagram, and vice versa the elements w1th N
| Ny
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easy reduc1ble oxides in the upper left region. From a thermodyna-'
mical p01nt of v1ew, a certain ox1de may be reduced by any element'
whose oxide has a lower d1ssoc1atlon pressure. Hence mercury oxide
is expected to be ea511y converted to metal by c1a551ca1 reductants
as for instance 21rcon1um and thorium. However, because of the ex-
tremely high oxygen—affinity of’ these two elehments, the reaction
with mercury oxide runs 1nto an explosion, which causes the pow-
‘dered mixture of metal and oxide to spread around the whole reac-
tion vessel ‘and thus leads to a contamlnatlon of - the conden51ng
mercury: If we now con51der tungsten, 1ts affinlty for oxygen is
con51derable weaker. This allows a control of the reactlon speed
-by variation of the furnace temperature, u51ng tungsten as the re-

ductant At 500 C, the reaction comes to a completion in about

10 minutes.

3.2, Preparation of mercury sulfide

HgS is prepared by the follow1ng procedure- mercury metal is
carefully mixed w1th an excess of about 10 % of the st01chiome-
tric amount of-sulfur. The mixture is then treated 'in a ball mill
for several hgurs. Thereby the two elements react and black mercury'
sulfide is formed according to the formula’ :

' Hg + S HgS .
The ball mill A(Pig. 5) 1s of the planetary type with milling cylin-
ders spinning around thelr own ax1s and simultaneously rotating on |
a. horizontal disk A photo of a mllllng cyllnder w1th the grind-
ing balls and the reactlon mixture 1n51de is shown in Fig. 6. The‘

construction materlal of cylinder and balls is. aqate. The centri— "
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fugal force reacting on the balls reaches up to 12 times the gravi- '

ty. This guaranxees a thorough contact of the two elements and. a

nearly complete conversion to HgS .Kabiig" .- ‘ . _ o

..«,

HgS prepared in this way usually contains a fraction of free

' sulfur This is removed by treating the freshly prepared compound

With CS2 in an extraction apparatus of the Thielepape type.

-
N {L

, The efficiency of this method of preparing HgS is about 90 %.
The overall-effiCiency up to this point - referred to the amount of
mercury expended - is about 65 %. | f.u_=_-

-

3.3, Vacuum condensation of Hgs'

© AT

The grow th ofbthe HgS thin film is accomplished by vacuum subli-

" mation of mercury sulfide on ar cooled metal backing. A collimating

_tantalumn boat is used to optimize the collection effic1ency and

average values of about 150 p.g/cm2 per mg of sublimed material are
achieved It is vital ‘for the Success of the procedure, that the tem-
perature of both the evaporation ‘source and the substrate are well

controlled during operation. The temperature of the boat must be

+kept strictly below 300°C to-prevent a dissociation of the weekly

bound ~mercury sulfide molecules. Substrate cooling on the other

hand is necessary to enforce a condensation of the volatile material

The optimum substrate temperature turned out to be -130 C, Wthh is

—a compromise between a satisfactory condensation effiCiency and a
. .
tolerable amount of internal stress of the HgS film At temperatures

.
b

considerably 1ower than -130 c large internal stresses are ob- )
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g'=”= Detailed view of evaporation source and‘substrate
' holder ) . - '




servéd. They cause the thin film to split off the backing when this
is warmed up. For reaséns of thermal_éonductivity a metallic back-
ing must be used. In Fig.&7 the praéfical realization of the evapo-
ration arrangement is shown. The substra;e holder (x) is mounted on
one énd of a copper rod, which is fed out of the vacuum chamber
through a 0.5 mm thick sheet of stainless steel and cooled by li-
quid nitrogen on its other end outside, the chamber. Thermal losses
to- the walls of:the vacuum'chamber are minimized ‘by tﬁiS‘construc-
tion. The desired substrate.temperature is adaﬁted about one hour
after beginning of cooling and remains sufficiently constant du-
riﬁq the 5 minute sublima;ion process. Fig. 8 shows the substrate
hdlder and the evaporation source in more detail. When the vacuum

chamber is leSed, the substrate is automatically centered above

the source ih the correct distance of 2 cm.

4, FINAL DATA

Up to the present day, HgS-targets in the thickness range bet-
ween 5 pg/cm2 and 3 mg/cm2 have been prepared. Various backings
were used, i.e. Al 80 pg/cmz, Ni 300 pg/cmz, Cu 300 Pg/cm2

and Bi 500 pg/cmz.

30 mg of mercury oxide and 3.5 mg of sulfur are necessary to
produce 1 target of 3 mg/cm2 thickness with a diameter of 15 mm.

This corresponds to an overall efficiency of 20 %, referring to the

'expended amount of mercury. .



' Referencés:
n H.J. Maiéi:.et'ali.: Jahfesbericht 1972 des Beschleuni_gerlabora-

toriums der“ﬁniversitat_undider}Technischen Universita£ Miinchen
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A METHOD FOR STRETCHING ULTRATHIN POLYPROPYLENE FIIMS

by

D. M. Barrus and R. L. Blake

University of Califormia, Los Alamos Scientific Labofatory

ABSTRACT
Thé method of stretching non-oriented polypropylene film over a heated, Teflon-
covered, aluminum disk is used to prepare films of thickness ranging from 1500 R to
ISOOO’K. Thicknéss variations of less than 20% over areas up to 100 cm2 are rela-
tively easy to a;hieve. Since polypropylene contains only carbon and hydrogen, it
is an effective window for proportional countefs in detectiﬁg ultrasoft X-rays.
Such films have also been used as windows for gas absorptioan pelis and energy-

loss nuclear detectors, and as isolation windows for clean, high vacuum systems.

]

Published in Rev. Sci. Instr. 48 (1977) 116.
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PREPARATION 0F ULTRATHIN ﬁOLYETHYLENE FOILS RY FILM CASTING*

by
Betty Cranfill
University of California

Los Alamos Scientific Laboratory
Los Alamos, New Mexico 87545

ABSTRACT

A procedure for making polyethy1ene foils Qith a thickness
of 0.02 ym to 2 um by the “ilm casting method is descfibed. The
'thickness_of the foils is determined by the concentration and
temperature of the solution, and the quality is controlled by

the uniformity of temperature and rate of solution drainage.

# Work nerformed under the ausp1ces of the U. S. Energy Research
and Deve]opment Adm1n1strat1on
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Thin plastic films are often used in the fabrication of laser fusion
ltargets. They are used for suppprt films, as in the ball and disk type of‘
target shown in Fig. 1. Here a deuterium and tritium filled glass micro-
balloon is sandwiched between two 500 angstrom thick plastic fiims. A
thicker plastic disk surrounds the microﬁal]oon, producing the interference
rings shown.

Thin ptastic films are also used for single foil and double foil flat
targets which require a material wifh a high Hydrogen content, and for ion-
spectroscoLy experiments which require a deuterated film. Polyethylene is
an ideal material for these types of targets. |

By using the film casting method, it is possible to produce polyethylene
films over a wide range of thicknesses. Useful films down to 200 angstroms
thick have béén made and still thinner ones can be made, although they are
- very fragile and may not be useful. |

The method described uses glass microscope slides as the casting surface.
This limits the size of che film, but tﬁere is no reason to believe the abpa-
ratus couldn't be modified to produce larger films. The current method pro-
duces uniform areas of about 5 cm2 with.ﬁo more than 10% variation in thick-
ness. The thickness is determined by the solution concentration and tempera-
ture.

The film casting apparatus fs shown in Fig. 2. The solution is contained
in the 500 ml. flask. It is forced up through the center tub~ into the vessel
at the top by means of air pressure produced by the bulb attached to the flask.
A glass microscope slide is placed in the solution and the vessel is then

drained by releasing the pressure by means of a stopcock.
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: | To prov1de un1fcrm heat - a spher1ca1 heating mantle enc]oses the flask
‘-and a two foot heat1ng tape is wrapped around the neck of the flask and the
C;Iaupper vesse] The temperature of both is regu1ated by a variab1e power supply

i.rhe upper heat1ng reduces heat loss and ‘it ma1nta1ns a un1form temperature
dur)ng dra1nage and evaporat1on which is 1mportant 1n'produc1ng uniform films.
The flaSk-and héatinggmant1e are placed on a magnetic stirrer to mix the so-
lution and to help maintaih an even'temperature distribution
| It is a]so necessary to heat the microscope slide to approx1mately the
, same temperature as the so1ut.on This is easily done on a hot plate. Co1d ”
o s]1des W111 result 1n c]oudy “uneven f11ms ‘and s]1des that are too hot w111
produce very th1ck f1]ms ’: _

When the sn]ut1on has dralned frem the upper vessel, the slide is removed
and allqwed to dry. jt dr1es|a1most 1nstant1y and the film may be removed by
flotation oh water as soon as tt has cooled to room temperature It comes off
quite easily and there is no need to coat the s]1de with a re1eas1ng agent

When 1t 1sif10at1ng on water,.br1ght interference colors may be seen
and uniferm areas se]éhted. Figure43‘shows'some films floating on water.
The-gofd one is made from a 2% solution and is about 1000 angstromsjthick.

It appears to be quite uniform over almost its entire area. There is one

which is almost invisib]eiand has a gray appearance. It is about 600 angstroms
.)th1ck and was ‘made from alz so1ut1on There are also two films made from a

.'3% solution which are about 2000 angstroms thick. When 1ighted from one

- angle they appear the same co1or; The Tighting for the photography unfortunately
made them appear djfferent colors. These shcw more color variation and do not
ﬁaippear to be quite as uniform as the thinner ones; but they still have

.usable areas of uniformity.

Lo ﬂ1324}'.ff T



: Tﬁjekerefjlmﬁ_tend to - be less uniform than the thinner ones, and the
ff1m$e£eﬁdete;be'fhicker at the top of the slide and thinner towards the
"5offeﬁ, A]so'the edges tend to be thicker. There may be seme variation
»fromv§1ide_to slide if there is any temperature change, but they are gener-
. ally quite corsistent and the interference cdlors may be used to select

s

areas of the desired thickness.

The graph in Fig. 4 shows the film thickness plotted as a function of
solution concentration at a particular temﬁerature. Curves A and B show the
__ﬁesu]ts of po]yethyiene dissolved in toluene at 102° C and 88° C, respectively.
Higﬁér'temperatUres than the bniling point of toluene, which is about 110° C,
are required to dissolve concentrations higher than 6%, so xyl.ne is used,
which has a boiling point ef about 140° C. Curves C and D show the resulté
of polyethylene in xylene at 130° C.and 100° C. |

Films as thick as‘2 micrometers have been made reproducibly by this
:‘method using an 8% solution in xylene at 13C° C. The thinness of the films
that can be made is limited only by their strength. | _

At first it appeared that more polyethylene went_fnto soiution‘at-the
higher temperatures to account for the increase %n'thickhegs, bdt‘upon further
examination this does not appear to be the case. The solution abpearedmclear
with no undissolved particles and no particles on the films. Rather; it is
the rate of evaporation of the solvent which influerces the thickness. Curves
A and C are almost continuous. Both were done g]ose’to the boiling points_of
the solvents used. . Curve D was done at a temperature considerably be]ow'the
boiling point of xylene, but still higher than the temperature of curve B, yef
thinner films were produced at an equa1'coheentrafion,

This seems reasonable when the process invoived iﬁ‘the deposition of the
film is considered. Warm temperetures and Qapors in the vessel and a slow .

rate of evaporation meintain"a f]uid state sb‘the so]utioh is able fo drain
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down the slide, leaving a thinner film. If the film dries too quickly,
.'5ﬂ%ainage dbwn’the s]%de is inhibited and a thicker film is deposited.
Thxs a]so becomes apparent if a very hot sl1de is p]aced in the
‘ so1ut1on As the so]ut1on is dra1neu from the vessel, the heat from
the slide evaporates the solvent very ‘quickly and a very thick f11m is
depos1ted Films up to severa1~m1crometers thick have been made in this
way from 5 to 6% solutions, but the reproduc1b111ty is very poor
| The rate oF dralnage is also an important factor, but the f11m ca;ter
provides a fa1r1y uniform rate, although the higher concentrations drain
‘slightly slower due fo increased viscosity.
| The type of polyethylene used also {efluences the results. Microthene
FN 510 was used in this case. It is a low.density, low molecular weight
type. A higher density type was also tried. A 3% solution required
temperatdres over 100°.b to dissolve and did not produce, similar results.
The film thieknesses were measured by interferometry. Those under
.5 micrometers were measured by the Senarmont method. and those over .5
m{crometers were'measured by the Jamin-Lebedev_method. Theee techniques
‘measure the difference in eptica] path lengths through the sample and the
background | |
Thus, by us1ng the film cast1ng method it is possible to produce thin
’to u]tra th1n po]yethylene films of the des1red ‘thickness by simply choosing
"the proper concentrat1on and temperature. The films have a usable area.of .

un1form1ty and many may be produced easily in a short period of time.
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FIGURE CAPTIONS
Figure 1. Ball and disk target.
Figure 2. Film casting apparatus.
Figure 3. Poiyethy]ene'films'oh water.

Figure 4. Pd]yethylene film thickness vs solution concentration.
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PLASTIC-BONDED TARGETS OF CARBON-13 AND SILICON

| R. K. Rohwer and M. J. Urizar
University of California, Los Alamos Scientific Laboratory,
- Los Alamos, New Mexico 87545

iNTkobUcTION'AND BACKGROUND X
‘This is an account of a successful‘effort to mold thin, large area
(18 x 10.5 cm) targets of elemeﬁtal carbon gnd silicon for pion scattering
‘experiments, Théfcarbon was enriched to 90% in the 130 isotope. The
siiiEon was natural. Both of these ﬁaterials, as suppliéd, were in the
form of very fine powders. This made the problem difficult. There were
also restrictions on the binder. A minimum of binder should be present
+ and ideally it should céntain only carbon and hydrogen. Heavier elements
sgch as oxygen and fluorine presené in many plastics would have interfered
with the scattering experiment.
| Group WX~-2 at LASL is ; weapons group and part of our assignment is
thé fabrication of plastic-bonded explosives. Thesc are very highly filled
{(binder lean) systems of:fine particle size materials. We have developed
.; techniques for applying plast;c coatings to these materials to form a
molding pow&er and then pressing this molding powder;into finished parts.
‘Thus the target program was not sp;foreign to our bac#ground as one might
think.

- We were fortunmaie to have a binder on hand that met the chemical

requirements and was a much better binder than polyethylene, an obvious

©



candidate. This material is Kraton 1101. It may not have been the best
- possible binder but it had two outstanding virtues for this program. It

P

was available and we knew how it behaved.

Kraton 1101 is one of a group of thermoplastic rubbers made by

Shell Chemicai Co. It is a block copolymer of styrene and butadiene in

a 30/70 ratio. It is soluble in toluene, chlorinated solvents and some
other solvents, and insoluble in water, acetone and alcohols. It has a

distinct softening point at about 100°C and becomes progressively more

fluid at higher temperatures.

DETAILS AND PREPARATION

Carbon Molding Powder

The 13C-enriched material was furnished to us as an extremely fine
powder. 'The small particle size made it necessary for us to modify our
standard slurry technique. 1In this preparation we first prepared a lacquer
of Kraton in toluene. The carbon powder was then added to the lacquer and
the resultant paste stirred and aged for about one hour. The paste was then
poured slowly into a container of well agitated water at 60°C. Stirring
was continued and the mixture was heated to 76°C where the toluene started
to distill. All the toluene was removed by about 85°C. At t@is temperature
the batch was cooled and the solids recovered by filtration. The resulting
molding powder was dried overnight in a forced draft oven at 65°C.

Quantities used for a 67-g batch of molding powder at a 92/8 - cafbon/-

Kraton weight ratio were:

Kraton 1101 5.36 g made into lacquer in 100 cm3 of toluene
Carbon 61.64 g ' ’

139



The,paéte of the two materials mentioned abcve was poured into 400 cm3

of water in an 800-cm3 beaker. |

Silicpn Molding;Powder

The silicon powder was not as fine a particle size as the carboa but
it had a diffé:ent surface chemistry which wbuld not allow us to use the
hot-water slurry process. To prepare this molding powder we took advantage
of the fact that Kraton is not soluble'in:écetone. A Kraton lacquer was
prepared and thé silicon powder was stirred into it just as in the carbon
preparation. This paste was then poured into a large quantity of well-
‘stirréd acetone. - The‘acetone extracted the toluene from the paste particles
to give firm molding powder agglomerates. This powder was allowed to settle,
most the acetone and some fines were decanted, and the solids were then
recovered by filtration. The filter cake was washed twice with acetone
to remove more toluene and then once with water to remove the acetone.
The finished powdér was dried overnight at 65°C in a forced draft oven.

Quantitieé used for a 65-g batch of 92/8 -~ silicon/Kraton were:

Kraton 1101  5.217 g in 60 cm® of toluéne.
Silicon 60.0 g

The paste-of these materials was poured into 600 bm3 of acetone in

a 1—1i£er beaker.

Pressing

et Bach of ﬁhé above molding powders was ground to pass through a

20 mesh. seive. The proper amount of the screened, powder was pdﬁfed into



'the die and very carefully leveled. This step is important because at
these high loadings the material will not flow when it is pressed, it
merely consolidates in place. Thus uneven powder distriﬁution will yield
a final part with large density variations. After the powder was leveled,
the top punch was lowered onto the powder and the entire die was placed
in a 140°C oven to heat. When the die temperature reached 130°C, it was
transfered to the press. Pressure yas applied in several steps with the
préésure being reduced to zero after each step. When the final pressure
of 5400 psi was reached, it was maintained until the die had coocled to
about 50°C. At this temperature the Kraton is no longer mobile and the
die was disassembled and the part removed.

The die was a heavy, bolted picture frame resting on a bottom punch.
The top punch was a rectangular plug. All the interior surfaces were
polished to a 16 micro-inch finish and none of the parts stuck decsnite

the fact that no mold relesse was used.

CONCLUS ION
This is not presented as an optimum preparation, rather it is a

description of a process that yielded usable parts for a program that had

to be completed in a very short time.
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. *
THICK TARGETS FOR IN-BEAM HYPERFINE STUCTURE STUDY
T. Minamisono+ and D. Ramsay

Department of Physics, Stanford University
Stanford, California 94305

Production of nuclear polarization is the first step.in the study of hyper-
fine structure (H.F.S.) detecting nuclear radiations. This is possible by
employing nuclear reactions initiated with polarized1 and unpolarized beamsz.
Once the polarization is produced, our concern is its preservation during the
nuclear lifetime of the specific state we are interested in and to keep the effect
given from the electromagnetic perturbafion fields.

Our specific inferest was in the B-emitting nuclei with lifetimes of a few
seconds, which were pfoduced by the (p,n), (p,2), (d,p) and (d,n) reactions
initiated with fast polarized beams accelerated by the tandem Van de Graaff at
Stanford University. The typical beam energy was 5 - 15 MeV with a beam inten-
sity of ® 10 na.

The polarization of the incident beam was transferred to the product nuclei.

- the polarization was detected by measuring the B-decay up-down asymmetry along
the polarigation produced (Fig. 1). The energy of the B-rays was higher than

several MeV. A typical counting rate of 10% - 10" c.p.s. with 10% f-asymmetry

was observed using a thick target.

.

In order to take advantage of the above experimental conditions, the targets

must satisfy several conditions. They must be thick enough to stop every product

e o .

nuciéi and also stop the beam to utilize all available energy. They must be of

high purity to retain product polarization since there is a spin-lattice relax-

em e« o

ation process by which polarization is destroyed. It is known that paramagnetié

impurities shorten the relaxation time. Thus there should not be many paramagnetic
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ions, or if produced, they should not remain long enough to shorten the relaxation
time.

They mugt be well annealed in order to take advantage of the crystalline
internal field. They shculd be kept at a specific temperature when in use to
protect the polarized element against the static and dynamic depolarization mech-
anisms caused by radiation damage. This damage should either be healed quickly
or frozen in a certain crystal site by choosing a suitable temperature. The
final site of the recoil implanted nuclei in thé ionic sample should be a substi-
tution of the same isotope or other elements where the electronic configuration
is diamagnetic and stable. For this purpose, it is appropriate to choose a sample
in which an element with similar mass-weight recoil nuclei is included. Metallic
samples are known to be suitable as implantation media for a short-lived state.
This type of target has been well investigated and is used to keep the nuclear
polarization of the nuclear states witli milli-second to a few seconds, by com-
bining with low temperature techniques3.

The targets we used were metallic plate, pressed or fused polycrystals and
single crystals.

7Lithium metal: A slice was cut from an enriched block 1C mm x 10 mm x 2 mm
or = 150 mg/cm2 and kept in dry kerosene until ready to use. The surface was then
thoroughiy etched in ethyl alcohol to remove residual oils and oxide. As men-
tioned above, the depolarization mechanisms are well known for the lighter element
metals and it is very useful for the polarization phenomena study to determine the
absolute polarization transfer in the present 7Li(d,p)BLi reaction (Fig. 2}.

Other examples are polycrystalline ZrB2 énd single crystal Si and ZrB2.

Ionic polycrystals: The general procedure where one or both compounds were

water soluble, e.g., Calcium bromide-Pctassium bromide, was to dry them thoroughly

in air at = 100°C. The materials were then suitably mixed and melted under an
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Argon atmosphere in an Aiuminum oxide -¢rucible to form a chemical compound.
Reducing the temperature very'éiowl§ throuéﬁithe crystallization zone, a few
;dégrées per minute, was:effeqtiﬁe in preserving greater polarization in the
sample. If practicalh‘the fesﬁltant sample may'ﬁe sliced to target thickness.
J§nothef method was to érind the .crystals with mottar and pestle. Then, three

to fdug.hundred milligrams of the powder Gas presséd betweeﬁ two stainless steel
plates (Premier Brand Ferrotype) at about threé_tons per square inch™. The .
resulting two cm diametér disq was'triﬁmed~ét the edges to one and a half cms
and mounted with Zipboﬁd contact cement on a Tantalum split-ring holder

(Fig. 4 a, b). The typical: final target thickness was 100 - 150 mg/sz.

In cases where the compounds.were not water soluﬁle, the fine powders were
thorouéhly mixedland dried by heating in vacuum before meiting or fusing. When
the pressed discs were too fragile to mount, as with Magnesium oxide-Aluminum
oxide, the mixture of the power of 1 im di;meter grain was heated to = 100°C on
a hot plate and treated with two to five drops per side of a polyethylene-xylene
solution (1 mg to 1 ml) nd allowed to dry under a fifty ml beaker. This made
them'héchanically_strong enough to handlé. When thé compound was reactive to
either 6xygen or water, the target was preéared in a glove box under dry Argon.
The powder was sandwiched between two Tantalum foils .0025 ﬁm thick, separated
by a giass ring sp;cer‘l.Z mm in diameter by 1 mm thick, and sealed vacuum tight
wifh fast—setfing epoxy (Zynol&fé brandj (Fig..4 c). The energy of the incident
begm of particles and the B-fays were = 102ﬁev and > 2 MeV respecﬁively and can
penetrate the window.

34, KBR,CaF, and MgE2 were prepared

Single crystal targets LiIO34, Si,KCaBr
for the hyperfine structure study of the associated elements. Slices 0.5 to 1.0 mm
were made with a diamond saw using light mineral oil as the lubricant. The

. crystqlline axes were selected to match the specific hyperfine study.

.



We bave shown several examples of choosing a suit;ple target and prepéring
if carefully, in which recoil impléntation was possible and nuclear'polarization
was kept for =~ lOvseconds (Figs. 2, 3 and Table 1l). Since we are ablé to produce
various polarized elements by imitating nuclear reactions with polarized beams,

there may be other ways to prepare targets which are suitable for specific

hyperfine studigs.
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Table 1 4 Polarization Transfer
Product Nucleavr B~decay
Nucl. Target Reaction Asymmetry
T oo -
(1 'Té’ (R(+)/R(O) 1)
8L1(2+, 0.84S) .  Li metal 7Li(d,p)8Li + 9%
1il10, N
125 1*, 20 ms) 2rs, Yooa,p;y*%s + 9
29?(%+, 4.2 s) Si(crystal) 28Si(d,n)ng ~ 3.5
2 + 2 29
99(% , 4.2 s) Si(crystal) 9Si(p,n) P - 1.5
+ : 1
315(%, 2.0 s) Red P 3*P(p,n)3lS - 1.
3 +
, 9Ca(3/2 , 0.87) KCaBr, 39K(p,n)39Ca -3
25 + KBr o as '
Al(S{%., 7.2 s) Si(crystal) ~—Si(p,a)_ _Al - 0.5
P4, d23) Py 325 (pa)?p 2

* Deuteron polarization Pz = 0.6

- ** pProton polarization Pz = 0.65

By = 5~ 12 MeV

Ep=5-l2 MeV



'A RAPID AND ACCURATE METHOD FOR MEASURING
THE THICKNESS OF EXTREMELY THIN TARGETS

Peter Maier-Komor

bhysik-Department, Techn. Universitit Mﬁnchen} Germany
ABSTRACT

With carbon as an exémple the pbssible accuracy of the thick-
ness measurement of light transparent foils is demonstrated.
With a quaftz prism—spectrophotometer the transmission
characteristics of carbon foils in the energy range of 200 -
2500 nm was investigated. The transmittance as a function of
carbon foil thickness was measured at dlfferent wavelengths.
With these data the absorption coeff1c1ents and the reflectivi-
ties of carbon foils were calculated.

Knowingktheseroptical constants for one wavelength it is easy

.. to calculate the absolute thickness of a carbon foil by mea-

suring only its transmittance for this monochromatic light.
With this method carbon foils were investigated grown on

different parting agents, to see if there might be an epi-

taxial effect, giving different crystalline clusters in the
almost amorphous carbon foils.

INTRODUCTION

‘The necessity of precise thickness measurements of thin car-

bon stripper foils is shown on the example of a Lamb shift

ﬂexperiment_With hydrogen like S-ions. The'cu;rent of the

50

bydrégen like S-ions sliould be very stable gompafed to the
current of the most probable charge~state. The problem is
that the charge-state distribution varies rapidly with the



stripper thickness at the extreme charge states. S-ions cause
high migration in the stripper foils which requires to
exchange fredhently the stripper foils of nearly the identical
thickness. The required carbon thicknesses are 3 - 6‘pg/cm2.

To estimate  the thickness gravimetricly we have a Mettler
ME 21 electronic vacuum microbaiance. If you cut the target
out of the frame, the error of the total surface area will be
about 10 % for very thin foils, and if you weigh the frame
without and with the foil, the error will be about 0.5‘pg/cm2
because of adsorption and desorption effects. So, both me-
thods have an error of about 10 % for a 5‘pg/cm2 foil and are

very tedious and time consuming.

X-ray, < - or B - absorption are all ruled out due to their
very low absorption. There is at present no theory, which
‘well describes.the energy loss distribution of light ions in
extreme thin foils, because the -effect of resonance collisions

with bound atomic electrons cannot be calculated with good ac-

curacy.

Heavy ions cant be used due to the charge-state distribution

shift.

Rutherford scattering of light ions is a good method to deter-
mine the areal density of such thin foils. But you need a small

accelerator, and this method is also very time consuming.

We investigated a very old method which is mostly used for
1

only semi - quantitative measurements ).

The diaéram in these papers shows that light absorption is
very sen51t1ve for carbon foils in a thlckness range from

5 - SO‘ug/cm . But this diagram 1tself is not useful for
quantltatlve information, because the light meter is not cali-
brated and the wavelength range of the light is unknown. And-
last not least the thickness calibration might be just report

how the carbonfoils of'Oak Ridge behave.
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‘THEORY

vasofbﬁion df monoenergetic 1igh£ in matter is described by
Beer's. law. The transmitted 1nten51ty I is equal to the in-
coming monoenergetlc intensity I multlplled with the expo-
nential function of theaabsorptlon coefficient u and the

foil thickness x (Eig. 1).

Vacuum Target  Vacuum A 'Ta get Air

] ://///4 L 1, ///// 1
[/ A I

Optical constants :

n
/ k
Surface: 1 2
=|n-‘|)z'k2 R {1- n)2
. LYYy (1eni2
1=l e 12l (1-R, {1-R ) =¥~

Double Reflectance: Ry1-(1-R,)(1-R,)

I . )
in_T =-px , ‘ ‘ |n;l =-px+|n(1-RR)

(o] o

Fig. 1: Calculations of transmittance and double reflectance.

Using this law for the transmittance of monochromakic light
) through a thin foi{ryou cant neglect the reflectivity at the
- foil. The reflectance can be calculated using the optical
constants: refractive index n and absorption coeffic¢ient k.
At both bounderies occurs reflection. -
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(n-1)2 + k2

At the first surface the reflectance is R1
’ (n+1)2 + k2.

2
At the second boundery the reflectance is R, (-n)

(1+n)2.

Of éourse there is also a reflection component of the reflected
intensity Iﬁz‘at the first surface but for high absorption
coefficients k one can neglect this contribution to the trans-
mitted intensity IT' All light scattering in the foil is neg-
lected, which is a good approximation for nearly all thin foils
measured with a commercially available spectrophotometer with

its big acceptance angle of the collecting mirror.

The transmitted intensity through a thin foil is

IT = IO . (1-R1) . (1-R2) . e_Hx. 3! and k are both the absorp-
tion coefficient but only with different dimensions, we will

. . cm2
use for }1_ the dimension [’E- .

Later we will notice, that the transmittance as a function of

foil thickness yields a term of reflectance at both surfaces.
This double reflectance is Rp = 1-(1-R1) . (1-R2). The finite
equation is now in ;2 =-m ° x + 1ln (1-Rg) .

With this equation itoshould be easy to measure the thickness
of a target foil: one just need a spectrophotometer and data

on n and k out of the literature. But the literature is very

poor on optical constants for carbon.

A. Cosslett and V. E. Cosslett 2) measured the variation of
optical absorption with thickness of evaporated carbon films,
1 - 30 pg/cm?® thick.

They saw no constant absorption coefficient for the different
thick carbon films. One reason fbr the results of Cosslett
could be, that the surface of the carbon has a different
physical behaviour due to adsorption. This would be surprising

for me. Carbon is such an active material that foils of'targét
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thicknesses up tof]OO or 200 pg/cm2 should completely adsofb
.throuqh the whole thickness. The main reason seems to be that
the oﬁtical constants depend on the electronic structure of the
carbon or graphite cryStals.‘The crystalline structure of car-

bon films might depend on thickness.

Taff and Phillip 3) have investigated the optical properties
of carbon 'in a natural graphite crystal, a pyrolytic graphite
sample and mechanically polished glassy carbon sheet.

Fig. 2 shows their two limits of possible reflectivity of a

. carbon surface. The'qurve for natural graphite and pyrolytic
graphite'is neariy identical. The reflectivity of glassy car-
bon is generally lower. Glassy carbon exhibits no distinct
crystal structure, it is almost amorphous.

Di Nardo and Goland 4) investigated the optical properties of
a 6 to 7lpg/cm2 carbon foil prepared on potassium hydroxide

as parting agent in the wavelength range 2200 ® - 5800 R. They
compared their results with the data of Taft and Philipp.

I calculated the double reflectance and the absorption coef-
ficient from their data (fig. 3). The absorption coefficient
is shown in fig. 3 only with the dimension l} for there was
no information about the specific gravity of 'the materials.

‘The optical constants of their carbon foil-investigated-lie
between the data of graphite and glassy carbon.
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Fig. 2: Spectral dependence of the reflectance of graphite
and glassy carbon.
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Fig. 3: Double reflectance and absorption coefficient as a
function of waveld agth.

You may recall the approximation about the effect of sub-
strate temperature on the condensation process: When the sub-
strate temperature is less than 10 - 20 % of the absolute
melting point the deposited material is nearly amorphous, the
first crystal growth starts with about 30 % of the absolute
melting point. At about 60 % the film will be as dense and as
ductile as the bulk material. With this point of view all car-
bon evaporated on normal parting agents must be amorphous, be-
cause the melting point of carbon is at about 3820° K. This
simple approximation seems to be not quite true for carbon.

There are indications that carbor foils made with a Betaine -~
Sucrose solution 5) as parting agent show a more graphitic
structure than carbon targets prepared with other parting
agents.



EXPERIMENTAL AND RESULTS

With an electron gun evaporator we produced carbon foils ‘of
various thicknesses up to 150 ,ug/cm2 on two different parting
agents. One parting agent was Betaine-Sucrose, the other was
Na F , which was evaporated just before the carbon evaporation
on microscope slides in a thickness of about 50 ug/em”™. The
carbon source substrate distance was 50 cm. The thickness
measurcments were done with a well calibrated Kronos quartz
thickness monitor. The carbon foil thickness calculations

were done with the approximation of a carbon pcint source
(about 3 mm in diameter) and equal sticking coefficients for

the not cooled quartz and the substrate surface.

With a Zeiss quartz prism-spectrophotometer PMQ3 we measured
the transmittance as a function of wavelength from 2000 & -
25000 8 shown in fig. 4.

a) is the curve for a carbon foil 10.6 )ug/cm2 thick grown on

Betaine - Sucrose as parting agent

b) is the curve for a carbon foil 11.2 pg/cm2 thick grown on NaF.

c) is the curve for a carbon foil bought at Commercial Pro-
ducts of Atomic Energy of Canada Limited. The thickness of
this foil should be 10 pg/cm2 + 20 %. If this foil does not
behave too different from our foils the thickness was about

14 pg/cmz.
In general vyou see, if you want to measure the thickness of
thin carbon foils you should do this at short wavelengths. But

one can measure the thickness of thick carbon foils at long
wavelengths where the foil would be opagque for short wavelengths.
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In fig. 5 is shown the transmittance as a functicn of carbon
foil thickness for 4 wavelengths. The full circles are for car-
bon foils made on Betaine - Sucrose. The open circles are for

. foils made on NaF. The lines are fitted through the points for

the Betaine made carbon foils.

The points for the NaF made carbon foils would give their own
line with nearly the same gradient, but with less double re-
flectance, which can be seen at the extension of the line to
zero thickness. The dashed lines with the higher gradient
show the tunnel effect for light. This effect_starts ap-

proximately at a thickness X[‘Eﬂ ] = ——ZL_EE— , which sug-
cm 138

gests that one should not measure carbon foil thicknesses in

this range.

For the longer wavelengths, the measured points do not lie
perfectly on the fitted line. This means that different cry-
stalline structure shows more effect at this long wavelengths.

Jf the crystalline structure is dependent on evaporation rate
we can explain the deviations at the long wavelengths, be-
cause we did not try to get the same evaporation rate for

every carbon foil.

Fig. 6 shows the same functions for shorter wavelengths. The
tunnel effect cannot be seen, because we did not produce such
thin foils. Here the full circles are nearest to the fitted
lines at 3500 & and 5500 £. From 2000 & to 3500 & there is
nearly no difference between the open and full circles, which
suggests that the optical constants are not sensitive to a
different crystalline structure, which seems to be in no good
agreement with the data of Di Nardo and Goland (fig. 3). The
circles in this diagram are our calculated data in this regibn
for carbon foils on Betaine - Sucrose. To get the absorption

coefficient in the dimension [l] we used a value of 2 for the

specivic gravity.
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If we use the specivic graﬁity'of 2.25 for graphite and a
spec1v1c grav1ty of 1.3 + 0.1 for the carbon foil, which is
‘a value of amorphous carbon the curves for the absorptlon
coeff1c1ents of graphlte and carbon foil are nearly identical.
This means. that the cyrstalllne structure is of nearly no
consequence for the apsorption coefficient in this wavelength -
range. Now the measurements of Di Nardo and Goland give with-

‘1n the errors the same results than our data.

i For our carbon foils the data are most precise in the wave-
length region from'3500 { - 8000 R._The absolute thickness is
correct within 5 %, but the main advantage of this method is

~ that the relative thickness is correct within 0.5 %, which
means for example one can dlStlngUlSh between a. 2 ,ug/cm2 and

a 4. 98‘pg/cm carbon f01l

What one can learn.for carbon feil prcduction is: The’parting
agent may influence the crystal growth in the carbcn layer.

The carbon foil shouid be more stable if it is more like gra-
phite, this means let us surch fo; pafting agents which give

more double reflectance.
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Adair H.L.

Target Development Society, Argonne 1975.
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PRODUCTION OF FRACTIONAL ATOMIG LAYER

By .acc.eptance of this article, the . . "
publisher or recipient acknowledges - . -
the U.S. Goveinment's right to STANDARDS OF NIOBiUM AND VANADIUM
retain a nonexclusive, royalty-free ’ :

_ license in and to any copyright R

7 covering the article., ” G. E. Thomas and P. J, Dusza

Argonne National Laboratory, Argonne, Illinois 60439

ABSTRACT
In controlled-f\';\sion research, one method of ietermining surface
" effects is to measure the sputter yields of high-energy ions and neutrons for
" various solids, .Due tq the low-atom-displacement cross sections £or thesé
processes at high particie enew‘rgies, only fractional atomic-layer deposits
can l;e collected in reasonable irradiation times. Quantitative analysis of
thes;e .collectors is best done by comparison with éta.nd'ards of comparable
thiciiness. To vproduce such standards a modified Piércé-type electron-beam-
gun evaporation system with a thickness monitor was used. An "accurate'
Nb standard of 0 l-monolayer deposit thickness was prepared b& evaporation
under controlled conditions, Nb standards of 1 1, 0.‘11, and 0,011 monolayers
were produced in a single evaporation. These standards were then calibrated
hto the "aécurate” sﬁandard. The errors quoted do not include those associated
with the monitor itself. The relative accuracy of the standards was verified
by Rutherford backscattering and.ion micro-probe measurements. Standards

of Nb and V on single~crystal Si substrates were produced.

= ; _ : ,
Work performed under the auspices of the USERDA, Division of Physical

Research,
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Most of the t.rgets which are produced at the Physicé Division
target-fabrication facility at Argonne National Laborator;r are used in basic
research experhner;ts. The very thin fractional-atomic-layer targets
described in this paper were used in an experiment which yielded véluable
information for the fusion power program. We will first briefly descriBe
this experiment, then present the method of fabrication of the targets, and

finally discuss the techniques used to determine the target thicknesses,

Experimental Arrangement

At Argonne National Laboratory Kaminsky, Das", and Dusza
are performing experiments in which they are studying surface effects related
to controlled thermonuclear devices, ! One aspect of fhis research deals with
measurements of sputter yields of high-energy ions and neutrons for various |
materials, such as niobium, which might be used for the plasma-containment
vessel cr other fusion-reactor components., The experimental arrangement
for neutron-sputtering measuremefxts is shownin Fig. 1. Neutrons with energies
of 14,1 MeV from the Lawrence Livermore Labofatory Rotating-Target
Neutron Source2 strike the target, cause the release of atoms from the target
which in turn are collected on silicon discs placed on either side of the target.
Because of the low neutron fluence and of the low cross section for the
displacement of atoms by 14.1-MeV necvtrons, only fractional atomic layers
of material can be collected in a reasonable irradiation time and since sputter
yields are determined by measuring the amount of ta-rget‘material collected
on the silicon discs, the analytical techniques used hac_iﬂyto be caiibrated with

A

fractional-atomic-layers standards.
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Three "relative" étandards were first produced using the config-
"’uratidh shown in Fig. 2 in which the silic;'on substrates were respectively 7, 0 cm,

2z, 1 cm, and 70. 0 cm from'the.niqbium- evaporation source. The KI‘OIIlOS3 quartz
thickness monitor was also 7 (0] ;m from the souré:e. .Using this geometry with a
“Pierce‘-type électron-bqam-gun evapo:{a‘cor, 44a thickness monitor deposit of 0. 23 Hg /cm2

produc'ed a self-consistent sét of éubst-rates with niobium deposits of 1.1, 0,11 and

b. 011 monolayer standards in one evaporation..‘ As a result, there was
eszcellent intercalibration bgtween these three standards; the thickness of the
deposits relative to each other are known with an accuracy of 5%.
A more accurate 0. 1 monolayer niobium stanaard was then produced

with .the thickness monitor 10 cm, aﬁd the target substrate 70 cm distance

from the evaporation source. At these distances the evaporation prodﬁced both

a 0, l-monolayer vthick deposit on the target and a deposit thickness on the ‘
monitor of 0, 97 p.g/cmz, sufficient for good statistical accuracy, This

Yaccurate' standard was then used to calibralte the thickest "relative'' standard

and in turn it was used to calibrate the other two ''relative'' standards. !

Deposit Thickness Determination

We set out to quantitatively calibrate three techniques (schematically

i

'si10wn in Fig. 3) used for deposit thickness measurements. The most -
successful technique was Rutherford backscattering, shown schematically in
Fig. 4. | A collimated beam of 1, 5-MeV 4He+ particles from a 2-MeV Van de
draaffs struck the standard, and the particles which were scattered at 90°

. .

were detected by a silicon-barrier device. A typical energy spectrum as

recorded on a multi-channel analyzer is shown in Fig. 5. As canbe seen in
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the figure, the helium atoms which were scattered from the niobium had much .
mor e recoil energy than those from the lighter silicon atoms. The good
resoiution of the niobium peak indicates there was very little straggling while
the broad continuum results from considerable straggling and multiple scattering
of particles off of the silicon substrate. The background intensity in the area
under ;:nd near the niobium peak is largely due to pulse pileup from the silicon
substrate which, in part, limits the sensitivity for detectirg niobium.

Most of the niobium-standard values plotted on the thickness-versus-
intensity graph of Fig., 6 fall within error for a good line fit, Note the position
on the graph of the '"accurate' standard.

The second method tried was that using an Auger Electron
Spectrometer (AES). Although this method has suificient sensitivity to measure
these standards, it was not relied on for quantitative data because the few
monolayers of carbon and oxygen surface contamination attenuated the niobium
signal, Sputter cleaning, which is usually used to remove such contamination,
would probably have also removed some of the niobium.,

The third method was that using the Ion Microprobe Mass Analyzer
(IMMA) and is shown in Fig. 7. With this method a 10-um-diameter ion beam
(e.g. 20-keV 07) was rastered over a target surface area of 200 um X 160 um,
Some of the sputtered target material was then mass analyzed, producing the

niobium spectrum in Fig. 8. The iron contaminant was probably picked up

during vapor deposition, Next, a depth profile of one mass was obtained by

setting the analyzer at the mass of interest (93 for Nb) and noting the intensity

as a function of time, while spuitering., Figure 9 shows intensity curves

for several niobium standards.
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Errors
The er‘i'ors associated with the various standards
are shown in Table I. The distance error includes the position of both the
standard and monitor in relation to the evaporation source. The monitor thickness
error .Of one Angstrom is used oh],y when determining the "accurate" standard
a.r.:cﬁmulative error. In Fig. 6, the vertical error bars are those associated

with sy:stematic errors and the horizontal error bars are those associated with

statistical errors.

Summary

Fractional atomic l;ayers of both niobium and vanadiwmn have
been produced using the e-gun sy;tem. By det.ermining the thickness of the
Yaccurate'" standard with greater statistical accuracy and by reduciné the .
""pile-up' background, it would be possible to produce more accurate and also

possibly thinner standards.
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Figure Captions
1. Configuration for sputtering niobivm or silicon substrates.
2. Set-up for evaporating materials on silicon substrates. )
3. Systems for measuring target thicknesses.
4, Rutherford backscattering schematic.
5. Niobium energy spectrum from Rutherford-backscattered alpha particles.
6. Intensity curves for various thickness niobium targets.
7. lon microprobe used for measuring target thicknesses.
8. Mass spectrum of niobium standard target using ion microprobe.
9. Curve of intensity versus thickness using the ion microprobe for

various standards.

Table

1. Niobium standards showing error sources.
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TABLE I

Niobium Standards

Errors (%) Estimated
Thickness Distance, Thickness? Accurate Std. Accumulative
{monolayers) {Monitor) Error (%)
Accurate Std.
0.1 2.0 10 12
Relative Stds.
1.1 4.0 40 12 15
0. 11 3,0 40 12 15
0.011 3.0 40 12 15
0. 0022 3.0 100 12 15

a . .
Monitor thickness error used for accurate std,
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THE RGLEVOF AﬁGER ELECTRON SPECTRGSCOPRY AND SECONDARY [ON MASS SPECTROSCOPY
- IN THIN FILM COMPOSITION ANALYSIS

by
R. W. Springer

Los A]amds Scientific Laboratory

ABSTRACT

Auger Electron Spectroscopy (AES), because of its surface sensitivity, is
jdeally suited to the e1emenfa] analysis of surface constituents. The technique
when combined with ion _eam etching techniques, allows depth profiles yielding
elemental distribution within the solid. Secondary Ion Mass Spectroscopy (SIMS)
naturally accompanies depth profiling as the sputtered ions are mass ana]yZed.
The SIilS spectra allow fingerprint analysis of the chemical state of the surface
by fragient analysis. The 1imits and sensitivities of these tools along with
recent attempts to quantify AES will be presented. Examples o7 application to

sputter profiling will also be discussed.
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Preparztion of se¢lf-supporting Silver Sulphide .Targets

M.A. SAETTEL
Centre ce Recherches Nucléaires, Université Louis Pasteur

Strasbourg, France

‘The sulphurization of a thin silver layer is a technic which can be

used for preparing self-supporting silver sulphide targets.

This paper describes a very simple method of obtaining self-supporting
sulphur targets composed of silver sulphide, which are stable, of a fixed

composition, using only a small amount of sulphur.

The method can easily be used for preparing self-supporting silver

sulphide targets with isotopically-enriched sulphur.

1. INTRODUCTION

The preparation of sulphur targets is always difficult. The evaporation
of the element or the compounds (zinc or cadmium sulphide) by heating them
in a crucible, produces inhomogeneous targets, on account of the bad adherence
to the backing material, and the efficiency of the method 1is very low. On
the other hand, sulphur targets made from the element do not withstand the

impact of the beam from an accelerator.

Engelbertink and Ollness (ref.l) propose a method of preparation of
sulphur targets, by dissolving the sulphur in toluene and applying this
solution, drop by drop, onto a silver foil : the sulphur reacts with the
silver and produces silver sulphide. The reaction takes place at 60°C; at
this temperature, the toluene evaporates easilyv. We have tficd this
method, but the homogeneity of the targets was not satisfying and their

thicknesses were difficult to standardize.

Watson gives another interesting method for preparing sulphur targets
on a thick silver backing. We have used the principle for obtaining self-

supporting silver sulphide targets (ref.2).
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2. PREPARATION OF SELF-SUPPORTING SILVER SULPHIDE TARGETS

2.1, Principle
The sulphur reacts easily with silver at 150°C. A thin silver

layer of a fixed thickness is placed above a small amount of sulphur, which

totally transfoms the silver layer into silver sulphide.

2.2; Procedure

The silver is evaporated by means of a tantalum crucible on glass-
slides covered with a layer of baryum chloride (about 50ug/cmé) The salt is
evaporated in the same vacuum enclosure as the silver. The thickness of the
layer is measured with a calibrated sensor head connected to a deposit

monitor during evaporation.

A small amount of sulphur (about 200ug) is placed in a tungsten
crucible covered with alumina. This type of crucible has been chosen, beczuse

there is no recaction possible between the two materials.

The reaction takes place in a drying-oven at 150°C, where the silver
layer on the glass-slide is placed on the crucible containing the sulphur.

The distance between the silver layer and the sulphur is about 3mm.

The chemical reaction
20g + 5 > AgZS
starts and a brownish stain appears on the contact glass side. When the
sulphur has completely passed through the silver layer, the target is brown

and the reaction can be considered as being finished.

I1f the silver layer remains too long a time upon the sulphur, the

target will increase in area, but will not contain an excess of sulphur.

The reaction takes place easily in an oven, when both, the silvoer
layer and the sulphur are at the same temperature. The sulphurization is m:ir:
difficult in the atmosphere, when only the crucible containing the sulphur

is heated.

After about four minutes, a silver layer of lDOug/cmz is saturated i-

sulphur. The diameter of the target was about 10mm.
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When the reaction is finished, the target is removed from the slide by

floating it on distilled water, and put on a target frame. .

2.3. The efficiency of the method

With 200ug of sulphur, we have made seven targets of 150ug/cm? of
silver sulphide, by saturating silver layers of 125ug/cm2. The efficiency of

the method is about 707, and the success of obtaining self-supporting targets

90%.
ce 3. THICKNESS OF THE TARGETS

The thickness of the silver layer is known during the evaporation by
means of the calibrated sensor head. When the sulphurization takes place,
we assume that the silver layer will be saturated in sulphur and that the

composition of the silver sulphide target will be stoichiometric.

The silver and the silver sulphide targets were weighed and the
results corresponded to our calculations from the formula of chemical silver
sulphide.

However, the thicknesses of the targets were checked by measuring the
stopping-power of the targets, and their composition determined by elastic

scattering of alpha particles.

3.1. Stopping-power of the targets

A silver layer of 120ug/cm? has been saturated with sulphur. The thick-
nesses of the silver, sulphur, and silver sulphide corresponding targets have

been measured using the energy loss of alpha particles.

The testing system includes a silicon surface barrier detector having

a resolution of 18 keV and a multi-channel analyser.

24]

The 5,5 MeV alpha particles from the Am source interact with the

target and lose energy according to the composition and the thickness of the

material traversed.

The amount of energy lost, called g%, for a particles at 5,5 eV, is
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%3

given in the stopping-power tables for different elements (ref.3)

dx

Ag : g—i (kevlug-cm'?') = 302,103
s : % (rev/ug-cm %) = 541.1073

In the case of the compound Agzsi it was calculated from the preceeding

relations and we found @

dE -2 -3
Ag,S 1 2 (keV/ug.cm ) = 334.10

First, we measured the thicknesses of the silver target and then

that of the silver sulphide prepared using the samé silver layer.

WVhen we compare the position of the Am peak obtained with the silver
target to that with the silver sulphide target, the energy difference between
both, converted in ug/cm2 represents the amount of sulphur which satures the
silver layer.

Using the theoretical relations, we can calculate the thickness in

ug/cm2 of several silver, sulphur and silver sulphide corresponding targets.

The results are given in the following table :

keV ug/cm2

Ag 38 + 2 126 + 6
S 11+ 2 20 £ 2
Ag,S 49 £ 2 146 * 6

The thicknesses obtained correspond perfectly to the stoichiometric

formula of the silver sulphide and prove that there is no excess of sulphur

on the target.

3.2. Determination of target compesition by elastic scattering of alpha

particles (ref.4)

A very sensitive method of determination of targets components is the
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study of elastic scattering of charged particles. A knowledge of the energy
and the cross-section of the scattered particles permits qualitative and

. 2
quantitative analysis of the target. Quantities of element down to 0,lug/cm”;

as well as of trace elements can be detected through this process.

2
From systematic analysis of silver sulphide targets of 17 to 115 g/em™,

we conclude that :
- the saturation of the silver layer with sulphur is independant of

the thickness of the former
. 2
- tlie only relative important contaminant present is 0,5ug/cm” of
2 .
oxygen for a target of !7ug/cm” on a lOpg/cm2 carbon backing

- and the targets are reproductible.

The energy and the elastic scattering cross-section of 10 MeV incident
alpha particles were measured at an angle of 30° with a surface barrier loca-

lisation detector in the focal plane of a Buechner spectrometre.

Fig.! and 2 represent the spectra of silver sulphide targets with natural
sulphur and 807 cariched 348 respectively, obtained in the same experimental

concitions. That, about forty channels separate two neighbouring peaks of

328 and 345, shows the precision of the method. The following table gives
the values obtained :
A 5 S S (theoretical
& calculation)
ug/em? ug/cm? ug/em
|
Spectre |1 19,9 5 2,9 3 '
Spectre 2 17,2 ! 2,9 2,8

The results are compatible within 107 of the stoichiometric composition

of the targets.

4. CONCLUSIOXN

Uncing this method, we have made many self-supporting silver sulphide

targets isotopically enriched with 325, 34S and 365.
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The minimum thickness that is possiblé to produce witicut baciking
is about‘60ug/cm2 of silver sulphide, which means, saturating a silver liayer
of about‘SOug/cmz. Below this, 'the silver can be evaporated cn a thin carber
layer (for instance of lOLg/cmz) and it is sulphurized in the same way as
described above. There does not seem to be an upper-limit ior the target
thickness : self-supporting silver sulphide targets (sulphur contert being

3,57 enriched 36S), of 500 and 900ug/cm2 were prepared withcut difficulties,

The targets were strong, stable, pure and neceded for their preparatic:,

a small amount of sulphur isotope, which in terms of the usual cost-price,

is nevertheless appreciable,
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FIGURE CAPTIONS

Fig.l Position-Spectrum obtained at 30° by elastic scattering of 10 MeV
-
a-particles on a I7ug/cm2 natural silver sulphide target on a 10pug/cm”™

carbon backing.

Fig.2 Position-Spectrum obtained at 30° by elastic scattering of 10 MeV

34

a=-particles on I7ug/cm2 807 'S enriched silver sulphide target on a

lOug/cm2 carbon backing.
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REPRODUCIBILITY AND ACCURACY IN THE PRODUCTION AMD THICKNE®S MEASUREMENT
OF EVAPORATED CARBON FILMS*
John 0. Stoner, Jr. and Stanley Bashkin
Physics Department, University of Arizona*

Tucson, Arizona

ABSTRACT

Although the optical and electrical properties c¢f carbon films
evaporated from arcs in vacuo vary substantially with variations in
technique. we have found it possible to monitor the thicknesses of
such films to indicate accurately (typically + 10%) their carbon content.
In order to develop films with surface densities greater than about
100 ug/cmz, for which the optical transmittance is too small to be
used, we hav2 used "witness" slides that indicate the amount of carbon

added to coatings initially having surface densities of 80-100 ug/cmz.

*Supported in part by NSF, ONR, and NASA
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We make carbon films to be u§ed as se]f—éupporting targets for a
variety of purposes: beam-foil spectroscopy, ion strippers, x-ray
windows, optical filters, and backings for other target materials. Our
thinneét carbon foils have surface densities less than 1.0 ug/cmz;
the thickest have surface densities greater than 300 ug/cﬁz. We make
these by the method suggested by Dearna]éy (1960), evapokating from a
Carbon arc in vacuo onto soarad and polished microscope sfides.

For many applications, it is necessary to kn9w the surface densi-
ties of the carbon layers. A non-destructive method that we have used
successfully is to measure the optical transmittance at 15461 E of the
carbon film of interest. We had previously (St;ner, 1969) calibrated
this quantity vs. carbon surface density, over the range 0-70 ug/cmz.
The determination is good to approximately + 10% or + 1 ug/cmz, which
is good enough for most purposes. By'constructing multiple carbon
coatings whose components' surface densities were found optically in
this way, we have been able to extend the calibration to about 110 ug/cmz.
Above this surface density, at which the transmittance is less than
0.01%, such measurements become rapidly more difficult and unreliable
because of the low levels of stray 1light that may be tolerated.

We have been able to make carbon layers with known surface den-
sities in the range 120-300 ug/cm2 by evaporating in several cycles.
After the first cycle, during which we deposit 90-100 ug/cm2 of carbon,
we measure the surface densities directly by the transmittance method.
We then replace the same s]ides in the evaporator, placing uncoated

"witness" slides next to them, and again evaporate 90-100 ug/cm2 (or
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as needed). The original slides now have coatings that are too thick to
transmit measurable amounts of 1light, but the amount of carbon added to

each can be found by 1nterp01at1on of measurements on the witness slides.

_We expect to have cumu]at1ve errors in the resulting thickness deter-

m1nat1ons, and usua]]y estimate them as + 20% in the surface densities.

It was not until recently that we found a review (McClintock and
Orr, 1973) that points out that the optical transmittance ofla carbon
film is not a reliable measure of its surface density: Presumably our
success in using this method is due to the fact that we always use the
same evaporation technique. We have sometimes obtained verifications of
our determinatione from ecattering and energy-loss measurements (Fig. 1).

Although measuring the surface denstty of & carbon fi]m.via its
transmittance is easy when the film is outside the evaporator, tt is not
so easy while the film is being formed inside the evaporator. The carbon
arc source emits both intense light and carbon vapor, and these interfere
with the monitoring process. A

In order to measure the progress of evaporation in situ, we have

explored the possibility of measuring the electrical resistance of a
cerbon film as it is formed. For this purpose we make a monitor slide
by gluing two parallel copper wires 32 mm apart to a 25.4 x 76.2 rm
microscope slide. We then paint colloidal ghaphite over these wires,
leaving a square, uncoated region 25.4 x 25.4 mm (Fig. 2). The resis-
tance between the wires is monitored by an ohmmeter during the evapora-
tion. This resistance is usually reliab]e'to about + 20% 1in indicattng

the carbon surface densitly (Fig. 3). Occasionally, we observe
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verify that the transmittance measurements provide useful indi-

cators of surface densities of carbon foils (from private com-

munication from B. Curnutte).
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anomalously-high resistance values, and have in some cases been able
to associate them with pressures that were unusually high during eva-
poration. Over the range of surface density 2-100 ug/cmz, our data
are consistent with an approximate‘resistivity of 1.5 ohm-cm, which
is much greater than that for carbon or graﬁhite, and is consistent
with others' measureménté on carbon films (see McClintock and Orr, 1973).
As others have found, however, the reproducibility of such measure-
ments depends critically on the conditions of évaporation, and the re-
sistance method does not appear to be a precise way of providing surface-
density values. |

Below about 2 ug/cm2 the resistance monitor fails. Its.behavior
is erratic and suggests reaction of the freshly-deposited films with
residual gas in the evaporator. Since carbon is known to evaporate as
c, Cz,'and €35 all highly reactive (Schaeffer and Pearson, 1969), this
is not surprising. It may also help explain why "carbon" films have
a hydrogen component, typically 1.2 g/cmz, fough]y independent of total

thickness (Stoner, 1969 and Curnutte, private communication).
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. A Method for thé»Prepafatidn of Selenium Foils
J.L. Gallant
Atomic Energy of Canada Limited
Chalk River Nuclear Laboratories

Chalk River, Ontarlo, Canada X0J 1JO

ABSTRACT

A characteristié of allotropic seleniun is lts brittleness
at room temperature. It is therefore impossible to prepare foils of
this metallo}d by conventional means. However when immersed in dis-
tilled water at 80°C ;elenium becomes very soft and can be r»olled.

An evaporated film cah be released from its substrate by this pro-

cedure.
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DISCUSSION SUMMARY

VAPOR DEPOSITION OF LARGE AREA NpO; AND UO, DEPOSITS - H. L. Adair

The substrate for UQ; was 0.0l5~in.-thick titanium at 200°C heated
by quartz iodide lamps. The bonding of actinide oxide deposits to ti-
tanium is good when Ti is heated to ™~ 200°C.

Synchronization of evaporation rates from the two guns: a quartz
crystal monitor calibration was established for the deposits on the
rotating drum. When the lower end of ihe desired range was reached,
the evaporation was stopped, and the test plates at each side of the
drum were weighed. Compensation was then made by heating whichever
gun needed t© evaporate more.

The U0, system is in an open lab, not in a glove box. The rough-
ing punp exhausts to an absolute filter.. Respirators are worn when the
system is opened. The systems have to be decontaminated for different

isotopes.

Electron gun power is ™~ 100 mA at 6 to 7 kV for U0;. Rotating
drum speed is 50 rpm. U3 0g is heated in vacuum to convert to U0, and
cutgas at the same time.

ALTERNATIVES TO THIN CARBON FOILS FOR USE IN STRIPPING HEAVY ION BEAMS
D. Ramsay

There are discrepancies in the data on heating of stripper foils.
Some experiments use a furnace, some radiant heating. A hot tungsten
filament near the carbon would cause electron flow through the target
foil. The increased current density could offset an effect due to

heating.

Annealing of damage does not occur at the beam spot temperatures
normally reached.

Experiments with liquid strippers at the Univ. of Washington were
described. A rapidly rotating wheel is dipped into diffusion pump oil,
throwing up a continuous hydrocarbon film. Five to ten ug/cen® has .
been reached. .

THE PREPARATION OF NITROGEN-15 TARGETS - J. D. Stinson

Less carbon contamination than reported is indicated when the
targets are analyzed by spark spectroscopy. The reported carbon is
from Van de Graaff exper iments where carbon is always present.

Alloying of Ti with the W boat is not a problem in this case
because of the small loadings required.
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REDUCTION TECHNIQUES FOR ISOTOPIC MATERIALS - J. M. Heagney

Hydrogen reduction of chromium oxide is fairly difficult. The
hydrogen must be pure, and a high temperature, > 1350°C, is required.
Most reductions require at least 1 hrj possibly 2 hrs are needed
for Cr. Reoxidation of Cr may occur on cooling if any water vapot
is present in the hydrogen. Carbon can be used for simultaneous
reduction-evaporation of Cr. The carbon used is filings from spec-
troscopic carbon rod.

A method reported for lead oxide is to heat it with rice starch.
The starch decomposes to make carbon, which reduces the oxide to lead.

Lead nitrate can be simultaneously reduced and evaporated in a
pinhole boat, but the substrate has to take a fairly high temperature.

Cadmium has been simultaneously reduced with carbon and evaporated
onto a substrate seeded with a very thin layer of Be or other material
thi:t matches the crystal structure of Cd.

Rare earth oxides are often reduced with thorium reductant, After
one redistillation lanthanum may be a worse contaminant from reduction
than Th. To use La successfully, use a low temperature and long time.

Zinc may be cleaned up with white silver solder flux. Zinc with
flux on top is heated in a conical tube to the flux melting point. The
flux is washed off after cooling.

DEUTERATED TITANIUM TARGETS ON THIN BACKINGS - A. Méens
Source to substrate distance was 15 cm.

TARGETS OF SILICON OXIDE AND VANADIUM OXIDE ENRICHED IN 180 ON VARIOUS
BACKINGS - A. Méeus

The silane is at atmospheric pressure. Cleaning of silane from
the vacuum system must be complete before admitting air because silane
is highly explosive.

Anodic oxidation makes stronger targets. The described method is
not for self-supporting foils.

Direct oxidation of silicon with 180 might be done, but a temper-
ature > 1000°C is required.

PREPARATION OF ISOTOPICALLY ENRICHED MERCURY TARGETS - H. J. Maier
Targets can be made up to 15 to 20 mm in diameter.
The targets are cooled while in use. (Amalgam targets are even
more sensitive to warm-up dissociation.) They are cooled from the

edges by connecting to a copper block with silver paint. The copper
block -is cooled to:-80°C; the target is probably at about -50°C.



A METHOD FOR STRETCHING ULTRATHIN POLYPROPYLENE FILMS - D. M. Barrus

Thickness of the films is measured by x-ray transmission and by
rhe weighing of a known area on a microbalance. Uniformity is accu-
rately observed by visual examination of color fringes.

Conduction of nichrome coating begins at 50 A.

The films suffer radiation damage in about 1 hr in a flux of 107
photons/sec.

PREPARATION OF ULTRATHIN POLYETHYLENE FILMS BY FILM CASTING -
B. S. Cranfill

Standard pre~cleaned slides are used. No special cleaning is
needed except wiping free of dust.

PLASTIC-BONDED TARGETS OF CARBON 13 AND SILICON - R. K. Rohwer

The 8% binder required for carbon is probably inherent for carbon.
The binder amount for silicon might be reduced to 3% if the par.icles
were carefully screened. The amount needed depends on particle sur-
face area, with 3% binder routine.

THICK TARGETS FOR IN-BEAM HYPLERFINE STRUCTURE STUDY - D. Ramsay

The holder ring was split to prevent eddy currents in f{he ring
from rf. There was no probl.n with the sheet foil.

A RAPID AND ACCURATE METHOD FOR MEASURING THE THICKNESS OF EXTREMELY
THIN TARGETS ~ P. Maier-Komor

Sodium flucride was used as a parting agent because of high humid-
ity, which causes difficulty with Teepol. NaF isevaporated in vacuum
followed by the carbon evaporation. The carbon films must he pinhole
free. Uniformity is not crucial because the beam spot is 5 to 8 mm
in diameter. A laser of the appropriate wavelength is recommended for

measur ing uniformity in small areas.

This method is feasible for metal foils (Au, Al, Ag), but surface
effects cause a problem. Nitrogen and oxygen are adsorbed on the metal
surface in thicknesses dependent on the history of the foil. 1In carbon
the gas content is all the way through the foil.

PRODUCTTON OF FRACTIONAL ATOMIC LAYER STANDARDS OF NIGBIUM AND VANADIUM
G. E. Thomas

There is too little material present for activation analysis.
The question was raised of the significance of 0.001 monolayer.

It might be in islands rather than in a uniform layer. It could be
scanned with an ion microprobe.
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THE ROLE OF AUGER ELECTRON SPECTROSCOPY AND SECONDARY ION MASS
SPECTROSCOPY IN THIN FILM COMPOSITION ANALYSIS - R. W. Springer

The beam profile is approximately Gaussian, with a spot variable
from 100 ym to a few mm. Argon and xenon ions are produced in a sim-
ple ion gun and focused by an einzel lens.

In using SIMS, the ion beam and electron beam must be in perfect
registry. If-they are not, the electron beam hits the wrong part of
the crater. A technique to eliminate the problem is to put deflector
plates on the guns. The spectrometer is gated only when the beam is
at the center of the crater.

If there is a question that preferential sputtering is taking
place, an electron microprobe will show if the film is uniform to a
depth of 1 u. Then you can decide if preferential sputtering is
occurring.

FOCUSED ION BEAM SPUTTERING APPARATUS - W. D. Riel

Commercial units are availablée from General Ionex and Danphysik.
The reasons for the attractiveness of the process are as follows.

For high-vacuum evaporation of refractories or low-vapor pressure
materials, sputtering will deposit without high temperature. Stan-
dard sputtering operates in a fairly high pressure with chance of con-
tamination, using large amounts of sputtering material.

The fOCused beam system has a duoplasmatron source operating with
Art or Kr*, followed by an einzel lens that focuses the beam to a spot
2 to 5 mm in diameter. It operates at 10~% torr or better and requires
only small quantities of material. The beam is about 2 mA at 8000 to
20000 V.

« The tradeoff for these advantages is speed. Deposition times are
from one or two to many hours.

The isotopic material is placed in a beam stop of spectrographic
grade graphite. Although the beam strikes only the charge, a halo
strikes the graphite. 1In splue of carbon's low sputtering yield,
considerable material is deposited, such as carbon and possibly con-
taminants adsorbed on the graphite. Duoplasmatrons are finicky and
sometimes hard to operate stably for many hours. Tungsten filaments
frequently burn out before the end of a long depos1t10n. The method
is promising but still has many problems.

The following comments were added in discussion.
' Some materials, which would not make a self-supporting film, benefit
from carbon deposition from the graphite stop because carbon content

makes them self<supporting. ~Films may also be made of metals that are
highly stressed when vacuum evaporated.
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The tungsten contamination transferred to the substrate appears
to be about 1%.

There is no alternative for this method for rare actinide oxides,
which are available only in very small quantities.

Another possible method for beam generation is the Penning ion
gauge source (PIG). This has a cold cathode, probably reducing the
contamination problem. Beam spots of 1 mm are reported and more
stable operation for long periods. The more finely focused beam
should have less halo and less destruction of carbon substrate films.

The General Ionex machine has an ion-exchange canal that produces
a neutral heam. This prevents charge build-up on nonconducting sput-
tering materials.

Technics, Inc., makes a micro-ion milling machine for the semi-
conductor industry. It uses a cold cathode ion source, and the beam
comes out focused to 1 mm without additional focusing. It is intended
to operate at a high rate for secondary ion deposition.

Another possible alternative ion source is the high temperature
surface ionization source developed at Livermore. The tip of a tungsten
crucible is heated by electron bombardment. The temperature profile
along the c:iucible axis regulates the rate of evaporaticn of the charge
material. The load is about 2 mg of rare earth oxides, actinides, etc.
Tt could be used with a simple extraction device and retardation lens
and could deposit directly onto a substrate.

ROLLING OF METAL TARGETS - W. Perry

Large and expenéive rolling mills are not required to make useful
targets. One can roll many useful foils down to the 1 to 5 mg/cr?
region with a small bench-type manually cperated mill.

Molybdenum: Powder can be used to roll targets 25 to 30 mg/cm?.
For thimmer foils, machine a carbon crucible, melt Mo powder into a
ball with an electron gun, crack off the carbon crucibie. The ball
is good feed stock for rolling. Hand mill rolls *o less than 1 mg.

The following results were added in discusesion.
2

Cadmium: Can be rolled down to 5 to 6 mg/cm® between 20-to 25-mil
mylar sheets. .

Calcium: Can be rolled to 700 pg/cm? in a mill in a glove box
with flowing filtered argon. The foils are good at 1 mg/cmz, somewhat
oxidized at 700 pg/cm?.

In addition to stainless steel, spring steel sheet has been found
useful for pack rolling.

197



Tungsten sheet, 0.003 to 0.005 in., -is good for pack rolling, .is
very hard with a good polish, and can be used many times. Tungsten is
not suitable for rolling very thin targets because of its crystal
structure. o '

Pall. !ium: A problem is weldlng of palladium to the pack when
trying for less than 500 ug/cm . This can be avoided by making three
to five passes at the same setting before going thinner.

Uranium: 1 mg/cm® is about the limit. Since oxidation of U
limits its rollability, it is useful to roll, electropolish (sul-
furic acid removes oxide), roll again. (or roll in Ar). Be careful
not to generate too much heat in rolling. .

Uniformity may be poor in rolling a small quantity of a separated
isotope with few passes--the target is thick in the center, thinner
at the edges. Instead of rolling, the material can be pressed be-
tween two highly polished flats of cobalt tungsten carblde from a
machine shop. .

PREVENTION OF STRESS IN FOILS BY SUBSTRATE HEATING - J. C. Guisky

‘Some information on this topic is available in Thin Film Phenomena
by Chopra. Tensile stress causes fracture of thin films and compres-
sive stress causes buckling. Tension decreases with <dincreasing sub-
strate temperature, goes to zero, and in some cases changes to compres-
sion with still higher temperature. The temperature referred to is
that of the substrate at the time of deposition. Later annealing in
this range of 400°C and less does not seem to affect the residual
stresses.

The crossover from tensile to compressive stress is related to
melting point. It occurs at lower temperatures for lower melting
materials. Thus, from the limited experimental evidence available, the
crossover point is about 210°C for nickel, 100°C for copper, and about
300°C for iron. This is roughly correlated with empirical results of
unstressed or less stressed films deposited on substrates heated to
these temperatures. The following table gives some temperatures that
have produced good films. Since the stripping agent also influences
film structure, this is alsc given, along with the method of ewvapora-
tion. Substrates are 1" x 3" glass microscope slides. The electron
gun evaporations usually require a minimum ball size of 200 to 300 mg,
which is feasible for inexpensive isotopes but not for rare ones.
Inorganic stripping agents are vacuum evaporated, 20 to 40 ug/em?.

Radiant heating of the substrate from 5 cm or so distance can be
done with a semi-cylindrical furnace heater element o¥ a flat diffu-
sion pump heater element. :



TABIE I

Substrate Stripping Method of Minimum
Element “lemp., °C Agent Evaporation Thickness, ug/cn?
Chromium 375 - 400 . KC1 e-gun,sublimes 60
Cobalt ‘ 300 KI e-gun 100
Copper ' 100. Contrad, KI Mo boat 50.
Gold 100 Contrad Mo boat 70
No heat Csl Mo boat : 45
Iron 325 KI e-gun or 70 - 80
Alj; O3 —coated
Mo boat
Manganese 100 100 on
carbon backing
Molybdenum 300 KI or NaCl e-gun 1690
Nickel 250 - 300 KI e-gun . 40
Palladium 200 CsI e-gun, min. 80
ball 50 mg
Platinum 350 - 400 KI e~-gun 150
Titanium 230 - 260 KI e-gun 50

(Following results were added in discussion)

Pd 350 - 400 Nacl | 70 - 80

B 250 NaCl 50 or less
Ge No heat Betaine | e~gun 70 - 300
Ge No heat NaCl W boat V

Si 360 BaCl;, on ? 30 - 250

Nickel plate

199,
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One possible alternative to substrate heating is a very slow
.evapaoration rate that has given unstressed films of WC3 and Ti (30
pg/cm? with Betaine parting agent).

Another is to coat the slide with parlodion. This permits the
evaporated film tc move and relieve stress.

Another suggestion was to evaporate directly onto a formvar or
other film mounted on a target frame. This was successful with
strontium. '

WHAT ARE YOU WORKING ON? - W. D. Riel

This is a compendlum of actual or possible solutions to specific
target problems.

Irving Feigenbaum reported that in a study of fluorine in food
and other organic materials, the ground-up powders were pressed in
aluminum cups at about 15 tons and made useable Van de Graaff targets.

Laszlo Csihas described a system for making isotopic oxygen tar-
gets. The isotopic gas is introduced into a small chamber containing
30 ug/cm nickel foils mounted on target frames. The gas is frozen
by introduction of liquid nitrogen, then the chamber is pumped out and
the oxygen permitted to warm up by removing the liquid nitrogen. A
small projector light with focal length of 1-1/2 in. is shined on the
center of a nickel foil and oxidation proceeds, leaving a supporting
area of nickel around the edges. ‘

A problem exists with evaporating LiF so that it bonds with any
base layer such as carbon. It flakes badly when the thickness is
three to four mg/cm2 on stainless steel. Etching of the surface and
glow discharge cleaning don't improve the sticking. One possibility
is sputtering,. which inherently produces a better-adhering film. A
thin layer of LiF might be sputtered, followed by vacuum evaporation
of the rest of the thick layer. It might also be possible to bond
LiF to stainless steel by pressure. Another suggestion that helps
bonding with thinner LiF is to do all parts of the process slowly--
slow cooldown, vent to abou: 1/3 atmosphere of inert gas for an hour
or so, vent slowly t» atmosphere.

The sticking of calcium fluoride was improved in 200 ug/cm
thickness by heating the substrate to 150°C.
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