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importantes do procedimento serdo mostrados.

I. Introduction

There are many usual methods to fabricate nuclear
targets that arc described in the literalure in a few books"?,
as well as in several review articles™ and in specific
articles the references of which are collected elsewhere’.
Starting from the suggested methods it is necessary [0
develop our own receipt, cven if a detailed description is
found in the literature. There must be some unknown
important parameter invoived in the target fabricalion, so
lhat the method is not completely reproducible in different
evaporation units. In this paper a review of the usual
methods of fabrication will be given and some general
procedures learnt during the developments carried out in our
laboratory will be pointed out. Some other details are found
in specific articles which are referred to throughout this
arlicle.

2. The usual methods used in our laboratory
2.1 The appropriate choice of the method

The vacuum evaporation method is suitable 1o
prepare most of the requested targets, which have usually the
thickness ol hundredths of mg/em® (=~ thousands of A).
When stopper foils or thicker targets of the order of mg/em’
are needed; the appropriate method is the rolling. Eventually
targets of intermediate thickness are needed. Nevertheless, it
is known (hrough many negative attempls that oo thick
targets, of tenths of mglcmz, are difficull to be obtained by
yacuum evaporation. The malerial begins to peel ofl or the
film tears when a certain amount of material is accumulated.
On the other hand, it is nol casy to obtain mechanically
stable thin filims of much less than | mglcm’“ by the rolling
method even if annealing of the material is performed during
the thinning procedure.

If the presence ol certain nuclei, for example C or O,
is not acceplable or even forbidden. the appropriate handling
in all stages of the target making method must be carried out,
in order to avoid the undesirable contamination. The vacuum
evaporation method s, in general, the cleanest process
mainly if a cryogenic-pump is used. The targets must be
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evaporaled directly on suitable backings and arc covered
with a thin layer of Au.

2.2 Preparation of the substrates.

It is necessary to find out which substrate must be
used to obtain a homogeneous and mechanically stable farget
thin film. The chemical structure as well as the physical
structure ol the substrates alfect (he quality of the thin film
deposited onto them. The search is usually done using
different substrates when (he first test run evaporation is
carried oul. Usually, the material is evaporated on previously
cleaned and polished glass slides, where a very thin layer of
a special detergent (RBS) coaling is left. In some cases a
thick layer with stripes is necessary. In other cases the
detergent layer must be rubbed on the glass slides doing
circular movements. As this layer is soluble in water self-
supporting targets, which are not soluble in water, can be
made by floating off the thin film picces on a water bath and
mounted on appropriate target frames. IT the targel material
is soluble in water or if there is no need of a self-supporting
target, thin C or Al films arc mounted on target frames,
which are used as the substrates to receive the fargel
material. Usually, these are mechanically more stable than
the self-supporting ones. The pro-cleancd glass slides are
commercially available but to avoid importation one follows
an old method doing the polishing and cleaning process
manually. The glass slides are first washed one by onc with
a detergent ,then immersed in a bath of iso-propilic alcohol.
Once dried they are polished using the Balzer's cleaner n.1.
The product is removed using a smooth paper. Then, the
Balzer’s n.2 cleaner is used one by one on the glass slides
until they become with the appropriate polishing.

2.3 The electron bombardment method

This method is used in the Edwards EI2E3
evaporation unit which is an almost 30 years old cquipmem?.
The electron beam emilted by a W circular [ilament can be
focused on the larget material, located in an appropriale
crucible, adjusting the relative distance mechanically.
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Several different malterials can be loaded in separale
crucibles mounted on a serraled plale, which is movable
withaut breaking the vacuum. One metallic chain is coupled
to the scrrated plate and permits both movements. A
schematic view of the apparatus is shown in figure 1.

1- Pyrex Bell Jar

2- Diffusion Pump

3-Liquid Nitrogen Trap

4.Mechanical Pump

3. Crucible

¢- Collimator

7. Plate Rotation Handle

8- Substrate Suport

s Wire Cable

10-Electrical Feed-Through
for the filament

11- High Vacuum Valve

12- Roughing Valve

13- Backing Valve

1. Evaporator Base Plate

B }.-: 15. Needle Valve (gas inlet)
=
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Fig.1 Electron bombardment

In this method it is crucial Lo find oul the appropriale
combination of the chemical compound and crucible
material ., which will not contribule with undesirable
contaminants in the nuclear measurements, as well as the
best geomelry. There arc crucibles of many different
cylindrical shapes ,shallow or deep, usually with a thin wall
and the diameter varying from 3mm to 8mm . In some cases
only a small dimple on the top of the cylinder is sufficient
and appropriate 1o lay the material. The shape of the crucible
and the distance between the vapor source and the substrate
define the total area and the uniformity of the malerial
deposition. The suilable shape as well as the material (for
example W, Mo, Ta, inox, C) varies considerably and each
crucible is manufactured for a specilic target. The deep and
thin diameter crucibles will show a reduced emittance giving
a good elficiency of material consumption, but on the olher
hand, carc must be taken so .(hat a suitable thickness
uniformity is attained. The cfficiency of malerial
consumption is measured by the comparison of weights of
the crucible and substrates before and afier (he evaporation
is performed. The best efficiency of material consumption
must be searched because it is usually necessary lo evaporate
isotopically enriched material. All the test runs. are made
using chemically pure compounds and once the ultimate
method is attained the enriched material is used. There are
many materials which are known to form an alloy, in high
temperature, with the crucible material. The formation ol an
alloy reduces the efficiency, but, when the evaporalion
temperature  of the alloy is  much higher it does not
contribule with contaminants. If this happens, in a f{irst run
(here is the formation of an alloy, then a new load of material
is provided to evaporale it to get the required target.

The electron bombardment method is usually chosen
wlhen only a small amount of malterial is available and when
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expensive or rare material must be used. This method is also
more suitable to evaporatc materials which have a high
evaporation temperature because the appropriate c¢rucible
can be made. Up to 6 dilferent materials can be evaporated
subsequently without breaking the vacuum to fabricate
multi-layer targets.

2.4 The Joule heating method.

This method consists of the heating of the material,
laid on metallic containers, through the passage of an
appropriate amount of electric current. An adjustable and
simple power supply is necessary. Filaments or boats of
dilferent shapes and materials are used as shown in ligure 2.
Al and Au are usually ¢vaporated hanging small pieces ol
the metal wire on the filament. It is usual to evaporate
different salts which are used as release agents, for example,
Csl, NaCl, BaCl;, by loading an amount of the chosen
compound on the boats. The nuclear target clement is
somelimes available as an oxide or as a salt in powdered
form . When larger quantities ( tens of mg) can bhe used in
cach loading of material, it is possible to try the evaporation
by this method. Powdered material can have absorbed
humidity and must be slowly heated in vacuum to loose
water without causing lost of malerial. If the healing
procedure is carried out lwo rapidly the powder grain will
jump out from the boat. There are some boats provided with
a perforated 1id, but then a visual control of the evaporation
cannot be done. Also in this method, some materials can
form an alloy with the boat metal, which is undesirable
because of the target contamination. Some oxides are
reduced by (he metallic boat resulting in a small content of
oxygen on the targel. The target material vapor reaches a
large area so that many targets can be made at once. The
larger the distance between the substrate and the boat, the
better the deposition unilormity in a small area. In general,
this method is less elficient in material consumption when
large distances are used compared (o the electron
bombardment method. It is evident that the gcomelry ol the
boats and crucibles alfects drastically on the emitlance and
the efficiency. There are some sophisticated geometry boals
for the Joule heating method, which ave commercially
available, with a smaller emittance area, but usually for a
very large amount of material.

B B

Fig.2 - Joule heating filaments and boats
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2.5 Carbon - arc method.

The carbon-arc methad is very simple and needs only
some (rivial electronics. It has been used with success over
the time and has got some modilications. Thin carbon films
are used also as stripper foils in Tandem accelerators.
Therelore, many researches have been carried out to attain
thin long-lived stripper foils, specially using carbon-arc
method. A detailed choice of the glass slides as well as a
very careful and sophisticated handling of the substrates was
recommended®?

The C-arc apparalus is mounted in an NRC
evaporation unit and is schematically shown in figure 3. The
distance between the two carbon electrodes(5) is controlled
through the handle(9), the gears(10) and the endless screw
(11) which has the screw-thread in opposite direction on the
left and on the right halves. The Pyrex bell-jar has '\ 45 em
diameter and 70 ¢m height. The vacuum of 10* Pa is
obtained by a 6"CVC diffusion pump and an Edwards
E2M 18 mechanical pump.

1-Pyrex Bell Jar

2-Diffusion Pump

3-Liquid Nitrogen Trap

a-Mechanical Pump

s-Carbon Rods

s-Electrical Feed-Through

for the Carbon Rods

7-Copper Braids

5-Ceramic

s-Handle ,

10- Gear

1. Screw

12. Carban Support

13. Substrate Support

1. Wire to ground

15- High Vacuum Valve

15- Roughing Valve

17- Backing Valve

13- Evaporator Base Plate
jjj 10 Needle Valve (gas inlet)

Fig.3 - C-Arc method

The carbon rods are Balzer's 3mm thick, 3 to 5 em
long pure carbon, sharpened on one end only as shown in
figure 4. The previously polished glass slides with a thin
layer of a release agent are used as substrates. For thin C
films the better results were obtained with RBS as the
release agent, or with CsI evaporated directly on the glass
slides or with CsI evaporated on a layer of RBS. Dilferent
thicknesses of the release agents affect the mechanical
stability of the film. Although NaCl is very frequently used
as a release agent there has been no acceptable result in the
performed attempts. Chemically pure salts has been used.
The heating of the substrates is possible using a S00W lamp
located just above the glass substrates and the temperature
can be read indirectly through the voltage across a series of
diodes, located just beside them and maintained in a constant
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current circuil. The stripper foils as well as the carbon lilms
used as target backings arc fabricated by the electron
hombardment unit or by the carbon-arc method.

Some modifications in the procedure using the arc

discharges interchanging AC and DC power can be found in

the literature '°. Those procedures result in carbon films with
differences in the structure as presented in detailed
analysis'"” and longer life times, but are not yet used in our
system.

Fig.4 - Shape of the Carbon rods
2.6 Rolling

The relatively thick (>1mg/em®) nuclear targets and
particle stoppers are usually made by rolling a piece of wire
or of a sheet of the required material using a rolling mill.
The rolling is performed by successively (hinning the
material laid inside a folded strip of a polished and treated
picce of inox steel. The pressure on the rolls is raised at each
step. There has been many reporls about a commercially
available mirror finished steel in stripes which are protected
by an attached plastic foil 3132 A5 this special finishing was
not usual in our country the polishing and the cleaning has
been performed manually. The folded strip is rolled first
many times and then lhe malerial is located inside it. The
material is turned by 90" inside the folded steel piece lifting
gently the foil using tweezess. If a rupture appears at the
edge of the foil , the central part is saved using a pair of
scissors trying to choose the good part in square format. In
some cases a droplet of dilfusion pump oil is used to prevent
the undesirable attachment of the foil to the steel.

3. Some other existing methods.

There are several other methods commonly used,
some of them with better results concerning the efficiency in
the material consumption. A brief description of the uselul
methods for our purpose will be given.
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3.1 Electron-bombardment with electromagnetic beam
defllection.

Ag the pure material required for the fabrication of
nuclear largels is very expensive, in particular when
isotopically enriched material has to be used, the efficiency
in the material consumption and the absence of undesirable
contaminants must be taken into account in the development
of the method. In the electron-bombardment unit with
clectromagnetic beam defllection there is the possibility to
localize the electron beamn inlo a spot and Lo sweep the beam
in two orthogonal directions, so that a good focus exactly on
the target material can be attained. Therelore it is expected
that better nuclear targets can be obtained by this method.
However, in some machines the cross-sectional area of the
clectron beam is too large, which is a restriction when small
amount of material is available. There has been a suggestion
1o make a pill of the material in order to concentrate it
locally. There has alse been a report about the collimation of
the electron beam to reduce its cross section '2. Nevertheless,
many good quality nuclear targels have been produced in the
most imporiant research centers as reported in the werld
conferences  of the International Nuclear Target
Development Society',

3.2 Sputter deposition using fine beam ion source.

The use of simplified fine beam saddle-field ion
source was reported' with the advantage of compactness,
simplicity of operation and overall economy. The targels are
obtained with the substrate just above the material at a
distance of 3 em. The ion source was operated with Aror N
pas. The use of Xe beam spulter deposition was also
reported™ and has been used for many different target
materials'®". A schematic view of the system is shown in
figure 5.

Saddlefield Gas Gun _

Substrate
s

e

[sotopic Material

.
.
X

Fig.5 - Xe beam sputter deposition method

The main disadvantage of this method is the low
deposition rate compared to the previous onc. But, the
elliciency of material consumption and the absence of
contaminants are remarkable. The ion beam has been used
also for thinning largets to reach the desired thickness™,
when by rolling method the target would be too thick and by
evaporation too thin. There is a commercially available
sputler deposition device, where an electron beam is used to
sputter large amounts of material for a very large deposition
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area. There are also RF sputlering devices. These devices
can afford a high deposition rate but are not suited to our
purposes. In the Ar or Xe beam sputter deposition device.
the beam is very coneentrated and is controlled to reach the
smiall amount of the required target material.

3.3 Special rolling methods.

There are some targets which are made by the rolling
of a bead, which is obtained through the reduction of an
oxide and the heating ol the metal in vacuum. There is a
specially developed process for cach particular case'. Hot
roiling is recommended in some cases using the malerial
inside a mirror finish stainless-steel outer pack™. When a
metal with strong tendency to oxidize is used, the rolling
must be performed inside a glove box in dry argon
atmosphere and the obtained target must be stored in
vacuum chambers™.

There has been many other related processes in the
world conference of the INTDS" or in earlier conferences’.

3.4 Electrodeposition

Rare carth nuclear targets and radioactive_nuclide
targets have been prepared by electrodeposition. The
apparatus shown in figure 6 consists of a deposition cell with
a bady made of insulating material , where the suitable acid
solution is poured, an anode and a metallic cathode, which is
the substrate of the target. A high voltage supply is necessary
and the applied high voltage as well as the current depends
on the gcnmclr{ and on the acid concentration used in the
deposition cell™*, Some radioactive targets have been made
by this methed. There are some recommended procedures (o
be followed (o prevent from personal centamination. There
are some recent reporls on laboratorics where radioactive
targets and sources are obtained by vacuum evaporation 2hEx
A complete hot laboratory has been mounted to account lor
all nccessary personal radiation protection rules . The
advantage of the vacuum evaporation method is the absence
of undesirable contamination.

/Pl wire (+V )

Backing

Brass cathode ( -V )

Fig.6 - Electrodeposilion
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4, Some remarks
4.1 Some strategies to avoid contaminants,

The most common contaminants are C, N, O, Ta,
W, Mo, und the contaminants which come with the chemical
compounds used in the evaporation. Once a specific nuclear
reaction is chosen, il is necessary to identify all impuritics
which are lorbidden Lo be present in the target. Although
vacuum evaporation process is the cleanest process there are
some procedures o be followed. The betier vacuum in the
cevaporation unil ensures the least presence of contaminant
residual gas. A glow discharge with a small amount of Ar
cleans the system substancially. But this process must be
avoided when the substrates are already mounted by closing
the shutter between the crucible and the substrales.

A new filament and a new boal or crucible to be used
in the system must be previously heated to expel the
adsorbed gases and 1o clean them from oxides, This is also
lhe case (or some materials which are used to make the
largels . as has been already pointed out .

The type of oil used in the diffusion pump as well as
in the rotary pump must be carelully chosen even when a
liquid nitrogen trap is used . The contamination with Si was
eliminated substituting the Ocloil S by the Neovac SY
oil. The cleaning of the evaporator picces with sand jels |
every lime a new element is used , must be followed by a
thorough washing with water and rinsing with water and
alcohol to remove all residues. The drying is carried out in
an aven,

To avoid the residues of the release agent used on the
glass substrates , the floating process is carried out using
clean distilled water. When a salt is used as release agent
warm distilled water is used and is renewed lrequently.

4.2 The target storage

It is known that some targets must be made just
hefore (he beam lime because they do not have a long lime
stability. Small spots appear on the surface of the target.
There are some evidences that if a target is made from a salt
ol the chosen element . it is possible a recombination with
the CO,NO; or SO0l the atmosphere o return to its former
chemical compound. Some clements are known to oxidize
very easily as Ca , Al, Ag ,ete. In almost all (argets a small
amount of Au is deposited o be used in data normalizalion
but it is useful also to avoeid the unwanled chemical
recombination.

Some small inox steel chambers are provided with a
valve so (hat the targets can be stored in vacuum or in Ar or
N, pure and dry gas in aunospheric pressure. The sensilive
targets are stored in those chambers and a visual control can
he made through the glass lid . 1o some cases even with
those special cares it is not possible (o maintain the targets
for a long period.

4.3 The temperature of the substrates
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In the cases where the sublimation lemperature is
very high , it is possible that the over heating of the
substrates oceurs damaging the release agent layer during the
evaporation of the target material ‘Then the target thin film
will not loosen from the substrate. 1l sclf-supporting targels
are needed the substrates must be cooled using a cover of
copper plate refrigerated with flowing cold water. In some
cases the use of a very cold thick copper plate is enough. If
the target may have C or Al the material may be evaporated
on these substrates already mounted on target (rames. There
has been some cases that a smaller diameter mask in front of
lhe target frames gave good results of adherence and
stability.

There are other cases where a heating of the
substrates is necessary to release the film from tensions and
to permit the easicr migration of the molecules during the
film formation. The heating is carried out using a 500W
lamp just on the substrate.

5. The parameters used in the laboratory.

In the table 1, included at the end of this article, it is
shown the parameters used in our laboratory to obtain the
requested nuclear targets. Some of the target fabrication
methods were developed together with the interested
researchers as shown by the refercnces. In a previous review
article 7 some of these parameters were published.
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