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Thin, Free-Standing Metal Films for Accelerator-Based
Physics Experiments

John Greene, Connor Mohs, Claus Mueller-Gatermann
Argonne National Laboratory, Argonne, IL

Physical Vapor Deposition (PVD) has been routinely employed over the past half century for the production of thin isotopically enriched metal targets at
facilities producing accelerated beams for nuclear physics studies. The Center for Accelerator Target Science (CATS) at Argonne National Laboratory
(ANL) is tasked with the preparation of such targets for the Low-Energy Nuclear Physics Community in the United States as well as demands world-
wide using a variety of techniques. We concentrate our efforts primarily on thermal evaporation of the isotopic metals required using state-of-the-art
vacuum deposition systems. Thin films of the desired target material are deposited onto glass substrates with thicknesses ranging from sub-micron to
many kilo-angstroms. To obtain free-standing foils, the glass is first treated with a parting agent for release from the substrate. Occasionally these
deposits are, by necessity, evaporated onto already mounted thin backings foils which act only as a spectator during the accelerator physics
experiments. The separated isotopic target starting materials are obtained from the National Isotope Development Center at Oak Ridge National
Laboratory (ORNL) usually as metal powder. In some instances, when the metallic form is not available, certain chemical and metallurgical processes
become necessary before deposition. Current work on the production of these targets and some examples will be presented.
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THIS MATERIAL IS BASED UPON WORK SUPPORTED BY THE U.S. DEPARTMENT OF ENERGY, OFFICE OF
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ABSTRACT

» Physical Vapor Deposition (PVD) has been routinely employed over the past half
century for the production of thin isotopically enriched metal targets at facilities
producing accelerated beams for nuclear physics studies. The Center for
Accelerator Target Science (CATS) at Argonne National Laboratory (ANL) is
tasked with the preparation of such targets. We concentrate our efforts primarily
on thermal evaporation of the isotopic metals required using state-of-the-art
vacuum deposition systems. Thin films of the desired target material are
deposited onto glass substrates with thicknesses ranging from sub-micron to
many kilo-angstroms. To obtain free-standing foils, the glass is first treated with a
parting agent for release from the substrate.
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ABSTRACT

(cont.)

» The separated isotopic target starting
materials are obtained from the
National Isotope Development Center
at Oak Ridge National Laboratory
(ORNL) usually as metal powder. In
some instances, when the metallic
form is not available, certain chemical
and metallurgical processes become
necessary before deposition. Current
work on the production of these
targets and some examples will be
presented.

7%, U.S. DEPARTMENT OF _ Argonne National Laboratory is a
A7) ENERGY U.S. Department of Energy laboratory
R2s® managed by UChicago Argonne, LLC
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INTRODUCTION

Center for Accelerator Target Science - CATS

= Serve the low-energy community by producing
targets whenever possible by either manufacturing
them or by directing requests to other facilities best
able to perform the task

» Train individual investigators and students in target
making in order to provide a workforce capable to
address present and future needs

= Carry out R&D activities dedicated to novel
production techniques and optimization of existing
ones

= Develop an inventory of existing targets that will
serve as a pool available to the community

"A unique asset of the ANL program is their target manufacturing capabilities. This expertise at ANL allows highly specialized targets to be prepared for various
beam experiments at many laboratories. It is important that these capabilities be maintained given the continuing demands for such targets.”
Report of the NSAC Subcommittee on Low Energy Nuclear Physics, November 15, 2001
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PHYSICS MOTIVATION

The low-energy nuclear physics
research carried out at heavy-ion
accelerator facilities consists of
the production of an isotopically
pure beam impinging on, to the
extent possible, an isotopically
pure target at energies above the
Coulomb barrier for nuclear
reaction and structure studies.

Tugei nucleus

A direct approach for the study of low
energy nuclear physics is particle
bombardment of a target nucleus and
observing the reactions.

Compound-nucleus formation
Stripping

Direct reactions
Knockout

K Ko
| .0

Some simple examples of beam and target interactions.
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ACCELERATOR TARGET PREPARATION

= Within the Physics Division at ANL, CATS

operates a target development laboratory A S— —
that produces targets and foils of various il — eV R
thicknesses and on substrates, depending Na | Mg | AlISI|P IS ClAr
on the requirements, for experiments K Ca| |Se|Ti| V| Cr|Mn|Fe| Co| NiCu|Zn Ga Ge As|Se Br | Kr
performed at the ATLAS accelerator facility. |gb|sr| | ¥ |z b to| e |Ru|Rh|Pa| Ag|Cal in sn sb|Te| T |Xe
The targets are prepared from both Cs|Ba| ™" | Lul it | Ta| W [Re| Gs| r | Pt | Aul g T1 |Pb| 81 Pol At |Rn
naturally occurring materials and stable Fr | Ra % U | RF | Bb| 56 | Bh | e | Mt [UanUudlUabl  [Usg
isotopes that are supplied either in pure, P it ——————
elemental form or as chemical compounds. ™| &2 €e Br [Nd Pm|Sm|Eu Gd | To | By Ho Er Tm| YP
Targets are made not only for ATLAS but meenote e TSN 1) [N/ Bu|Am|Cm) Bk | CF ISR Md | No

also for other divisions at the Laboratory
and for other laboratories and universities.

Argonne National Laf
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ACCELERATOR TARGET PREPARATION
The ATLAS Accelerator Facility
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ACCELERATOR TARGET PREPARATION

Isotopic Starting Material

- TIN
16 1119 1120
Is 19m Sm 138K
i v a Natural Isotopic
| Ty ol £ e enrichments
[ ! ] Isotope (at.%) (at.x)
1 Te 118 Te 119
‘.w 60d 476 | 16n e 6ae &ﬁz g:: f:Im
= I o e Sn-115 035 >32
- ) e Sn-116 14.30 >95
T i *
m 321 m wm 28h son | 35m Sn-119 8'50 84
S Sn-120 32.85 >98
Sn-122 4.72 >92
Sn-124 5.94 >94
INVENTORY FORM: oxide
Alternative Forms: metal, powder, or beads
TARGETS
Isotopic or Normal
Standard Size: 2.5 cm by 2.5 cm
Range of
thickness Method of
Form (ug/ca®) Backing preparation
- Element 10 to 1000 Metal Evaporation
uAtg 1:3 I I_Ag }1 1,6 ’ég Element 100 to 4000 Self-supporting Evaporation
*Prandeose | 5 Sl Element 24000 Self-supporting Rolling
: s ,‘, g Element variable Self-supporting Cast or pressed
at) ° | | % e JR—
Pd 11 Pd 115 Pd i{ T ts
S 4 rrs | bt e 1188 y P 10 Ay cmlg::; go%:s?xnm, chemical forms, and/or targe
" | . "~ :'_5 : V'_. !". "4(/ S
‘;‘;ex,‘; - 320 [Torse raiaaet ;s.” "l |- 1302 *Typical isotopic distributions, p. C-6 of Appendix C.
388 136 : » ™ ™

o
NERGY (rsmmeti i, 9 Argonne
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PHYSICAL VAPOR DEPOSITION (PVD)

Resistance Heated Sources

The simplest vapor sources are resistance heated wires and metal foils
of various types shown in Figure 4 9.

b "
] 5
N G
= e "
:fn w?ﬂ H —_
-‘ wvu'v_s'h_ .
e H 1 /
N 5.4-.: Figure 4.9: Wire and metal-foil sources. (A) Hairpin source. (B) Wire
L . helix. (C) Wire basket. (D) Dimpled foil. (E) Dimpled foil with
alumina coating. (F) Canoe type. (From Handbook of Thin.F{'ﬁn
Technology. Copyright © 1970, McGraw-Hill. Used with permission
of McGraw-Hill Book Co.)
ENERGY (1auiiiy sty 10
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PHYSICAL VAPOR DEPOSITION (PVD)

(cont.)

The target development laboratory
includes state-of-the-art equipment for
thin-film fabrication. The available
techniques consist of multiple resistive
heating, ion beam sputtering and electron
beam evaporation. The evaporators are
maintained under high vacuum and each
chamber contains two quartz-crystal film-
thickness deposition controllers with rate
indicators. Included are movable shutters,
quartz-lamp substrate heaters, water
cooling and thermocouple temperature
sensors, allowing for complete process
monitoring during target deposition.

Interior of the Intlvac Model NANOCT?211 vacuum deposition system
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PHYSICAL VAPOR DEPOSITION (PVD)

(cont.)
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SUBSTRATES AND PARTING AGENTS

The role of the substrate and parting

agent is crucial for the release of a free-

standing evaporated foil. Many different 1z
compounds have been employed, taking -
care to provide the necessary conditions
for stress free film growth. Parting
agents consist mainly of soaps and
surfactants (organic) as well as
inorganic salts (crystalline) and even
sucrose and common kitchen items!

@

R
MORTON

SALT
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SUBSTRATES AND PARTING AGENTS

(cont.)

Table 1

= These releasing compounds dissolve N
during the foil floating process and N TN

are not found to be present in the film. v s s e o
They are prepared by hand Mo e e o
application, dipping or even vacuum or e v ——
evaporated. For higher temperature cout Aimtnm e e )
depositions, the inorganic salts work e e e e
best at withstanding the elevated e
temperatures encountered during - E;::,. i

processing.

% feepol 610 (sodium secondary alkyl sulphate) Shell Chemical Co.
B 5. . Macman, Rev. Sci. Instr. 35, 1572 (1964)
€ pormvar 15/9SE (polyvinyl formal) Monsanto Co., St. Louls, Miseswst

D. Ramsay, Proc. of 1974 Ann. Int. Conf. of @ 3. L. Gallant, Mucl. Instr. Meth. 102, 477 (1972)
the INTDS Chalk River Nucl. Lab. p. 157.

RTMENT OF _ Argonne National Laboratory is a
8 Department of Energy laboratory 1 4 Ar onne
by UChicago Argonne, LLC.
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RELEASING (FLOATING) THE FOILS

Using a steady hand and holding the slide at o -y

about a 45 degree angle, slowly lower the slide ' “ “ F'““”Q”%‘ the penafi,

into a dish of clean water at room temperature. F 4. g \ pdt A o
,‘.(é’/ - . ; r‘ﬂ =
(A Y

When the water level reaches the foil, it will
begin to float on the water surface. When the
foil has floated entirely off the slide, the slide is
removed carefully so it is out of the way for the
pickup process. Holding the target frame with
forceps under the water at an angle of 90
degrees to the surface, lift the frame below the
floating foil until an edge drapes over an edge
of the frame. The target on the frame is lifted
straight up out of the water and dried
thoroughly.

g | e

Courtesy of John Stoner — ACF Metals
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RELEASING (FLOATING) THE FOILS

(cont.)

Using a steady hand and holding the slide at
about a 45 degree angle, slowly lower the slide

i i foil foil oa

into a dish of clean water at room temperature. = ¢

When the water level reaches the foil, it will slide

begin to float on the water surface. When the

foil has floated entirely off the slide, the slide is

removed carefully so it is out of the way for the ﬁ\

pickup process. Holding the target frame with i -

forceps under the water at an angle of 90 toil
degrees to the surface, lift the frame below the
floating foil until an edge drapes over an edge

of the frame. The target on the frame is lifted float
straight up out of the water and dried aas

pleces
thoroughly.

Courtesy of John Stoner — ACF Metals
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