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ABSTRACT 

We have nade metallic «elf-supporting targets of CERIUM and 
2 

PRASEODYMIUM of I to 2 5 rajr/cm or. a diameter of 18 mm using the process of 
evaporation by election bombardment . 

Materials are placed on a piezo-electric quartz which permits the 
direct and precise measurement of the mass of the deposit . Then, such a depos
it oust bf-, removed and placed on a frame in an environment of argon gas . 

This method is important because it can be used for small quantities 
of materials (case of separated isotopes) . These high purity foils are used 
for the study of (d,n) reactions with the Tandem Van de Graaff Accelerator of 
our laboratory . 

I. Introduction 
For nuclear physics research it is sometimes necessary to make self 

supporting targets using materials of high purity . Until now rare earth 
self supporting targets were deposited on carbon or plastic supports ,£i]. 

We report here a technique that we have used to prepare non oxidized, 
self supporting, isotopically enriched targets with a small amount of mate
rial. 

2. Technical Principles 
2.1 Substrate 

Before deposition of the target material by vacuum evaporation, it is 
necessary to fabricate a substrate support . 
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The température at which the substrate deposited is aa important paraaeter since 
it can give the target deposit a para-crystalin shape . 

2.2. Intercalary_deDosit 

In order to make the separation of the self supporting target from 
its substrate possible a parting agent, or intercalary films is put on the 
substrate before the target is deposited . The target and substrate are then 
separated after decomposition of the intercalary film . 

2.3. Evaporation 

When the quartz and its intercalary deposit have reached the right tem
perature, the material to be deposited is evaporated in vacuum, by heating it 
by electron bombardment in a tantalum crucible . 

2.4. Measurement of_thg dggosiw^mass 

The mass of the deposit and therefore the number of atoms in the 
target, were measured by piezo-electric quartz technique [2] . 

2.5. P»ility_of_de2osit 

Lanthanides material have a great chemical affinity, so we must 
avoid exposing the target to the atmosphere . 

Transfer o- the deposit from the evaporator to the glove box was made 
using a evacuated chamber . Transport and mounting in the target chamber were 
also made in vacuum . 

2.6. Glove_box 

The rare earth foil was separated from its substrate, in a glove box 
filled with argon . 

3. Description of the evaporator 
The evaporator was standard design with an oil diffusion pump and 

cooled baffle . The pressure in the evaporator was about 3.10 torr . Mate
rial was evaporated by electro-bombardment, with a magnetic field that bends 
electron beam by 180* . 
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The evaporation box was made of Pyrex glass with a metallic lid used 
as an upper stage, where the substrate support and the shotting control are 
located . 

Many attemps to fabricate self-supporting target were made trying to 
find the best parameters to be used for self-supporting targets of cerium and 
praseodymium . 

4 .1 . Çruciblg 

Rare earths cannot be evaporated in refractory oxide crucibles (there 
is reduction of the oxide) . We therefore used a tantalum crucible because no 
important chemical reactions occur at the temperature corresponding to the evap
oration of Ce or Pr.A tubular form was choosen for the crucible because it offe
red the best concentration of the evaporated molecular beam . 
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4.2. Substrate 

Piezo-electrical quartz technique is frequently used to measure the 
mass of material deposited by evaporation . Use of this technique is absolutely 
necessary for the very active materials which cannot be weighted a posteriori . 

In a classical set up the geometry must allow both substrata and the 
quartst to receive part of the evaporated material without distrubing the molecu
lar beam . It is therefore necessary to put the substrate far from the evapo
rating source, requiring the use of a large quantity of the material . 

To conserve the rare earth material, we used the vibrating quartz 
disk for both substrate, and an apparatus to measure the deposit mass . 

The circular quartz (0 : 25 mm) had a 2000 kHz frequency of oscilla
tion . It was standardized by J. J0UANIGOT ft] . The cristal constant was 

2 • 
11.76 ug/cm for AF - 100 Hz . Faces of the crystals were covered by a 2000 A 
layer of nickel . The face destined to receive the deposit of Ce or Pr was 
the grounted electrode . A 20 ram diameter diaphragm was placed 2 mm in front 
of the quartz to define the target surface . 

The box which contains the substrate (fig. J) can be shut in vacuum 
[4] . The "0" rings of tha t apparatus are made of "viton" which can be heat ad 
safely to 200'C . 
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When the température choosen for the substrate is reached i t is 
necessary to wait about three hours to obtain the stabilization of the quartz 
frequency . 

Table I shows an example of the evolution of the quartz frequency as 
the temperature rises . 

Frequency (Hz) e*c AF (Hz) At (hour) 

1998 769 18 0 0 
1998 705 115 - 64 0,30 
1998 818 180 + 49 1.50 
J 998 510 177 - 259 2.50 
1998 500 177 '- 269 3.00 
1998 500 177 - 269 4.00 
1998 500 177 - 269 5.00 

TABLE I : Stabilization of the frequency as a function 
of temperature . 

Although the temperature increase of the quartz due to the radiation 
from the crucible i s small (about 2*C), the measurement of AF i s made one hour 
after the evaporation, to permit the quartz to reach i t s equilibrium anterior 
temperature . 

4.3 Ten?2££!lH£S 

After several attempts we determined the best temperature for the 
substrate, A iron constantan thermo-couple was used to monitor the temperature 
of the box . For cerium, we used a temperature of J60*C and J75*C for the 
praseodymium . 

5. Soluble intercalary deposit 

Order to make lanthanide targets that are recoverable , one must use 
intercalary films made of materials that ara soluble in hydrophobic solvents 



Plastic cannot be used, because the substrate temperature is too 
high . Metallic sal*? such as K I and Na CI (soluble in alcohol) produce a 
chemical reaction with the rare-earth deposit during the dissolution . Trivalent 
chlorides of Ce and Pr produce the same effects and the target becomes brown on 
the face which is in contact with the salt . 

We have used a liquid detergent solution in a deionised water 3 % 
(200 cm of teepol and 100 cm of hy)) to make the intercalary film . The sub
strate is immersed in the solution and mechanically withdrawn from the solution 
at 40 mm/minute . After drying at ambient temperature and cleaning of the 
surfaces which are not destined to receive the rare-earth deposit, the quartz 
was put in its box . 

The density of the film of detergent which remains on the substrate 
is about 40 ug/cn . 

6. Evaporation 
The vapor pressure of both cerium and praseodynium is about 10~ 2 torr 

at 1400°C . The evaporation rate is 1.6.10~3 g. en" 2 . s~'at 1450°C for the 
cerium . 

The distance from the crucible to the substrate, is a minimum of 
600 mm . 

The uniformity of the target thickness is determined by calculation 
using equation (l)which assumes a point source [yi . 

h 3 

(h 2 • S 2 > 3 / 2 

(I) 

In this equation : 
t : thickness on the border of the target, 
to : thickness at the center of the target, 
h : distance between the crucible and the centar of the target, 
s : radius of the target . 
With our parameters we obtained : 

t._ 
to 

0,96 



This result confiras satisfactorily the research made by 
H.L. ESCHBACH and A. GRILLOT [6] . 

With these conditions the target receives about 87, of the evaporated 
material . 

The crucible was charged with cerium or praseodymium and introduced 
in the evaporator box-.It was put in a crucible block of copper, cooled by 
circulating water . 

The pumping of the box, the thermical stabilization and the stabili
zation of the quartz for frequencies used, were done with the crucible at 
1400°C (measured with an optical pyrometer) . The lid, used as a removable 
screen, was retracted and the evaporated material was condensed on the 
substrate . The change of the quartz frequency allowed us the determine the 
quantity of evaporated material . When a predetermined frequency was reached, 
the lid was shut and the electron bombardment stopped . 

The temperature of the quartz was stabilized for one hour, before 
measuring the frequency used to calculate the deposit mass . The change in 

2 frequency was 8503 Hz for a target of I mg/co . 
When the target box had cooled to 50°C, the cover was closed by 

means of an airtight two axle sliding and inert gas was introduced in the 
target box to avoid oxidation of the deposit . 

The target box was put in the argon filled glove-box in which it 
was possible to work with a pressure slightly above 1 atmosphere . 

7. Separation of substrate 
The target box was openedin the glove box which was filled with a 

mixture of drift argon and P_ 0, . 
The substrate was immersed in very pure ethanol dried by magnesium.The 

cerium or praseodymium foil separated from the quartz after one hour . The 
target was withdrawn from the solution using a ring of tantalum (0 interior: 
18 mm, 0 exterior : 20 mi), then placed in a transfer box which was evacu
ated before its removal from the glove-box . 

8. Caracteriscics of the targets 
The self supporting targets of cerium «nd praseodymium have a usuful 

diametsr 18 aa with thicltnass between 1 and 2.5 mg/cm . 
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Their mechanical behaviour is excellent and allows extended irradia
tion with a I uA beam of 12 MeV deuterons . 

9. Conclu5iion 
A technique of using piezo-electric quartz, as a substrate, has been 

adopted to make self supporting targets of a material which can be evapo-i 
rated at moderate temperature . 

This technique requires only a small quantity of material and 
produces targets with precisely kuoun mass . 
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FIG. 1 

SETTING OF EVAPORATOR : (LID IS SHUT) 

I) - Upper stage - 2) - Sliding axle - 3) Sliding and turning axl 
4} - Heating block - 5) - Heating resistance - 6) - Spring 
7) - Lid - 8) - Substrate - 9) Lid support - 10) - Target box 
II) - Tantalum crucible - 12) - Material for evaporation . 
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