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Microscopic behavior of carbon stripper foils prepared by a mixed ion beam
sputtering method under heavy ion beam bombardment
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A mixed ion beam sputtering method has been used for preparing long lifetime stripper foils. The microscopic transformations of th
originally amorphous carbon foils under heavy ion beam irradiation are described. The structure changes of the carbon foils, irradiate!
3.2 MeV Ne' ion beams, were examined by a 200 keV electron microscope. The larges sizes of grains of the foils were composed of grag
like polycrystallites that had isotropic configurations, with graphite layers nearly perpendicular to the foil surface.
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Hemos preparaddaiinas de caildn de larga vida, para usarse como despojadores en aceleradores, por medio de iones que arrance
material de una superficie de carb Se describen las transformaciones midspsmas de estaéininas de cadn, originalmente amorfo,
cuando son irradiadas con un haz de iones pesados. Los cambios estructuralesndiedessde cadn, despés de irradiarse con iones de

3.2 MeV, Ne+ se examinaron con un microscopio efatto de 200 keV. Los granos grandes dedlaiha se compdan principalmente de
grafito al igual que los policristalitos los cualesi@muna configuradi isotibpica con capas de grafito casi perpendiculares a la superficie
de la Bmina.

Descriptores: Erosbn de materiales por iones para prepaéanihas de cadn; bombardeo con iones pesados; transformaciones mi-
cros@picas.

PACS: 29.17.+w; 81.15.Cd; 07.78.+s; 61.14.-x

1. Introduction time measurement of the laser ablation foilsgfcn? thick
was reported by [7]. For these measurements, at the Mu-

Carbon foils are used extensively as electron strippers for iopich Tandem, a 10 MeV*7I~ ion beam of 300 nA with
beams of MeV energies in tandem accelerators, injection linl MMy and 3 mny beam spots were used. The lifetime
ear accelerators, synchrotrons and cyclotrons. A numbe@f 1 mmp-beam wasl2.2 + 1.5 pA-min. (6.5 times longer
of authors have quantitatively studied the behavior of sucfihan that of thermal evaporation foils) and the lifetime of the

foils under bombardment by ions of varying mass and en3 Mmp-beam was4 +2.0 A-min. (4 times longer than that
ergy [1-5]. of thermal evaporation foils).

Many_authors have been investigating _rnicro-struqtures of Mixed ion beam sputtering has been reported as an
carbon foils prepared by thermal evaporat!onf gloWd'S‘zh"’lrg%ffective method for producing long-lived carbon stripper
a'?d laser ablation meth_ods [3-5]. Th_e lifetimes of carbory,; [8-10]. Shrinkage of the foil due to irradiation has been
f_oH; of therma_l e_vappratlon and QIOW dlscharge methpds arGimost overcome using mixed gas ions, which has resulted in
limited by radiation-induced shrinkage leading to foil rup- lifetimes over 100 times longer than those produced by the

ture. Generally, this shrinkage has been attributed to the rgp .., evaporation method under 3.2 MeV*Nien beam
arrangement of the initially disordered structure by radiatiorbombardment [9] '

enhanced diffusion process. From previous investigations it
was suggested that these conventional carbon foils contain a | this work, the irradiation durability of the carbon foils
significant proportion of anisotropic bidimensional configu- 5fter the bombardment with 3.2 MeV Neion beam was
ration with graphite layers parallel to the foil surface. studied. Carbon foils were used as electron strippers for
Dollinger et al. have studied the laser ablationion beams of Mev energies in the irradiation facility of the
method [6]. They have stated that laser ablation produce4.75 MV Van de Graaff accelerator at Tokyo Institute of
isotropic carbon structures containing four fold coordinationTechnology [8,9]. Afterwards, the microscopic transforma-
to a large extent, which brings stripper foil lifetime to the tions of these originally amorphous carbon foils were ex-
physical limit. The foils break when a significant part of the amined by transmission electron microscopy and electron
foil has been sputtered away by the energetic ion beam. Lifediffraction analysis.
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2. Experimental

The focused ion beam sputtering technique was used for
producing the carbon foils [8-10]. The production method
is capable of rendering foils in the thickness range of
2 — 80ug/cn?. Neon and krypton gases were introduced to
a duoplasmatron ion source passing through each gas flow
meter. The gas mixture used was neon/krypton in the ratio
8/1, using an acceleration voltage of 10 kV. The target mate-
rial was a block of spectrographically pure graphite (99.999%
purity, Poco Co., Ltd. U.S.A.). An aluminum foil (3 cm

3 cm, 4um in thickness) positioned near the glass slide was
weighted before and after deposition, for a thickness mea-
surement, with an electric microbalance (Mettler UM30).

All foils were mounted on 17 mmx 14 mm stainless steel
holders having a hole 10 mm in diameter. Normally, we never
use annealing and slackening techniques before irradiation.

Carbon foils were used as electron strippers for ion beams
of Mev energies in our Van de Graaff accelerator. After irra-
diation with 3.2 MeV N€ ion beam our carbon foils pre-
pared by the mixed ion beam sputtering method showed a
bright (002) ring and formed random oriented graphitic large
grains, shown when examined by a 200 keV transmission
electron microscopy and electron diffraction analysis (JEOL,
JEM-200CX) at the Research Cooperation Section of therigure 1. Transmission electron micrograph and electron diffrac-
Tokyo Institute of Technology. tion patterns of non-irradiated sputtering carbon foil Adycn?

The Nef beam spot size was approximately 3.5 mm in thick.
diameter. The beam current intensity was maintained and be-
tween 3.0 to 5.QuA (1.9 x 10'® — 3.2 x 10'® Net/m?s).

The vacuum pressure in the chamber was kept at about
1 x107* Pa.

3. Results and discussion

The non-irradiated foils were featureless, having an amor-
phous surface as shown in Fig.1. Figure 2 shows an electron
micrograph and an electron diffraction pattern, observed in
an irradiated area of a sputtering carbon foil of Adg/cn?
thickness irradiated for 10 (7 x 10'7 incident atoms). The
temperature on the carbon foil during irradiation was about
700°C. After irradiation, large crystallites about Oi2n in
diameter were observed, and the electron diffraction photo-
graph clearly showed a brightest basal plane (002) ring and
(100), (110) outer halo rings, evidently due to random ori-
ented graphitisation of the foil.If no (002) rings show up, the
foils are anisotropic because no graphite plane is nearly per-
pendicular to the foil surface. If a sharp (002) ring shows up
after irradiation, only the ratio between (002) ring and (100)
or (110) ring tells about the anisotropic value of the foil. Fig-
ure 3 shows the electron micrograph and electron diffraction
patterns observed in the irradiated area of a sputtering carbon
foil of 4 pg/cn? in thickness irradiated for 3.4 R x 10'7 FIGURE 2. Transmission electron micrograph and electron diffrac-
incident atoms). In this case, stitch patterned small crystaltion patterns of sputtering carbon foil 1&/cn¥ in thickness after
lites were observed. The diffraction photograph exhibitedbombardment with a 3.2 MeV, Neions (irradiated for 10 hours).
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with no structural information, as shown in Fig. 1. For
any foil irradiated at high beam currents, a graphitisation
takes place due to the high temperature and the atomic trans-
portation induced by irradiation. However, carbon atoms of
sputtered foils easily tend to an isotropic orientation, with
graphite planes nearly perpendicular to the foil surface dur-
ing irradiation without much rearrangement of atoms. An
irradiated carbon foil of 1mg/cn?in thickness, prepared by
sputtering, presented a large scale of crystals ofn2 The
sputtered carbon particles are thought to have enough energy
to manage long range ordering during the preparation process
and the texture of the graphite clusters can be arranged nearly
perpendicular to the surface, although the foil is mainly amor-
phous.

4. Conclusions

After irradiation, the electron diffraction photograph of the
sputtering carbon foils were always clearly exposed to show
central bright (002) rings. The final result of long-lived car-
bon foils prepared by sputtering was the forming of hexag-
onal graphite-like configurations ordered in a random ori-
ented graphite layer without a major rearrangement of carbon
atoms under high intensity heavy ion beam bombardment.
FIGURE 3. Transmission electron micrograph and electron diffrac- In a previous study [8] of carbon foils prepared by heavy
tion pattern of 4ug/cn carbon foil prepared by sputtering method jon sputtering, we could not understand the reason for the
after bombardment with 3.2 MeV, Neions (iradiated for 3.4 strong durability under heavy ion irradiation. However, from
hours). our present study the strong durability under heavy ion bom-
bardment is belived to be due to its long range ordering of
central brightest (002) rings even though the foil was con<arbon particles during deposition that produces clusters ar-
siderably thinner and the irradiation time was relativelyranged nearly perpendicular to the surface of the foil.
short. The temperature on the carbon foil was about
350’C..In addition, tht_e mean lifetime of the sputtering car- Acknowledgments
bon foils of 4 ug/cn?in thickness (for 4 measured sam-
ples) was3.2 + 0.1 x 10'7 incident atoms{1.2 + 4.6 mC,  The authors wish to thank Profs. |. Katayama of IPNS, the
853.3 & 76.6 pA-min.), which was 15 times longer than that High Energy Accelerator Research Organization (KEK) and
of thermal evaporation foils. M. Jaksic of the Laboratory for lon Beam Interactions, Rud-
The main damage presented by our sputtering carbojer Boskovic Institute, J. Aspiazu and R. Policroniades of the
foils under irradiation was sputtering (thinning) of the beamTandem Accelerator Laboratory, Centro Nuclear dexio
spot area. The structure of deposited carbon atoms on glagiNIN) for their very useful discussions and continuous en-
slides during the ion beam sputtering process is amorphousouragement.
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