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Monte-Carlo collisions

Electron heating and ionization <— electron
density from requirement of a quasi-
neutrality

Atomic processes: ionization, charge-
change, recombination, neutralization In
collisions with the chamber wallls

lon-ion collisions: Takizuka-Abe model
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Classiczl iung

Collision force

Density gradient



Classical fluxes

lon-ion collisions: higher charge states are
pushed inward
Electron-ion collisions: outward transport
(ambipolar)
To model the e-I collisions: ions are kicked in a
random direction with the corresponding dV.
Then, we make a small correction to direction
of dV that depends on the density gradient
and Larmor radius of electron.



Gas temperature

When ion hits the chamber wall, it is | Fraction of the backscattered singly charged ions is

(1—0.{(1-8)

neutralized
scattered

If not in extraction aperture, ion is (1-0) 8
scattered back with an angular
distribution according to the cosine-
law (diffuse scattering)

specularly,
reflected
energy

rough surface

Energy distribution of neutralized
atoms - room temperature, full
accommodation




Inputs

Magnetic field: POISSON + analytical
hexapole component (hard edge) — KVI
AECRIS

Coupled microwave power -> electron
temperature

Gas flow into the chamber = flow into the
extraction aperture



KVI A-ECRIS layout and performance

Al plasma chamber, hexapole with
the slits for better pumping of
the chamber.

RF frequency 14+(11-12.5) GHz
. Binj=2.1T, Bjn=0.36 T

. Bei=1.1T, B,,4=0.85T

. Chamber length 30 cm

. Chamber diameter 7.6 cm

. Extraction aperture 0.8 cm
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Typical spectrum (argon)




lons at the extraction electrode
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RF power@ the same gas
flow




Gas-flow @50 W of RF

Argon 50 W
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Minimum field
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Fig. 3. Beam intensity of Ar’" as a function of
Bmnin at the RF power of 100 and 280W.
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Extraction field
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Extraction fie

Gammino et al.
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FIG. 12. Evolution of Xe?®" with the extraction magnetic field at different
frequencies.
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Injection field
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Injection field
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FIG. 11. Evolution of Xe?®" with the injection magnetic field.
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Hexapole field
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Hexapole field

current, mA
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G. 4. Output currents of Ar®" and C*" for 10 GHz NIRS-ECR with radial
magnetic fields B,=0.95. 1.05. and 1.3 T.
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Chamber size
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Chamber size
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FIG. 3. Output currents of Ar’". Ar®", and Ar"" for 18 GHz NIRS-HEC
with R =46. 66, and 80 mm.

R stays for a diameter here!



Chamber size: hexapole field




Chamber size: hexapole field
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FIG. 10. Evolution of Xe?’™ with the radial magnetic field.




Conclusions

General behavior of the source Is
reproduced (gas flow, RF power, magnetic
field)

Hexapole field can be too strong

Plasma chamber can be too large
Minimum B — this Is a good idea to tune
Bmin, preferably by using the flat profile
Gas temperature — the higher, the better.



