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Abstract

importance in the study of reaction processes during hydrogen (H/HD)-Deuterium (D2) plasma fusion, of which the residual fusion byproduct is helium
The availability of particle counters which may be operated at ambient pressures of up to 2x10-4 Torr is highly desirable in many current research
applications. In one field in particular, it allows mass spectroscopy of gas analysis and processing plasmas to be performed using pressures of this
ash. Furthermore, collision processes in the ionisation source of the QMS, (including Penning ionisation), which are insignificant at the more usual
source pressures of below 1x10-5 Torr, generate product ion species whose study helps the interpretation of the processes occurring in the plasma
order in the quadrupole mass spectrometer (QMS). These pressures are much closer to those of many processing plasmas so that the sampling of
neutral species, in particular, from the plasma is improved. The sampling of ion and neutral species from magnetron plasmas is a good example. The
reactor. Typical data from neutral gases and plasmas in a range of gas mixtures which include helium, krypton or argon are shown. The majority of the
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and 19.82eV respectively [1] having radiative lifetime states of around 3000s and also other plasma constituents.

Introduction

also be used to monitor the residual gas using an electron impact ionizer sited within the device. This can be employed for detection of sputtered neutrals, although the distance
from sample to the ionizer leads to a low sensitivity. Sputtered neutral mass spectrometry, SNMS, is a desirable technique that compliments SIMS by providing fast and quantifiable
concentration data in the 0.1 to 100 atomic % regime where the matrix effect of SIMS makes direct quantification non-linear and unreliable.

Introduction

Results

With the availability of particle detectors that can be used at pressures up to 4x10-4 Torr, it has become
possible to operate mass spectrometers at pressures that are much closer to those used in many plasma
processing systems. This enables the improved sampling of both neutral and ionised species from plasma
reactors. Additionally, the Hiden Analytical quadrupole mass spectrometer (QMS) can operated in a mode
where the energy of the electrons emitted within the ionization source is variable. This mode is called TIMS
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Flowing a gas mixture combining Helium (He) and Deuterium (D2) at various test gas mixture ratios, at a source pressure of 1x10-4Torr, there are significant numbers of ions formed
with a mass to charge ratio m/e = 8. These are much less abundant even at the more usual maximum source pressures that quadrupole mass spectrometers typically operate at
(≤ 1x10-5 Torr). This suggests the increased pressure in the source leads to a collision enhanced environment resulting in greater probability of Helium atoms and ions combining
to form molecular Helium (He2) with He.He+ ions. Figure 4 shows the mass spectral scans of these He.He+ ions. An additional pathway as suggested by Van Dyck et al [3] for
production of He+.He ions is
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and many
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The mass peak at m/e=6 is for D3+ ions and/or D+. He ions. Figure 4a shows the variation in the count rates for m/e=8 and 6 at an electron energy of 30eV as a function of the
helium content of the helium/deuterium mixture.
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Figure 1

SIMS vs SNMS

The addition of an SNMS Ionizer

Both techniques provide mass resolved information for mass spectra, concentration depth profiles and images. SIMS is suited
to trace analysis and SNMS to higher concentrations. Combining the techniques provides a very powerful quantitative materials
analysis method.

The electron impact ionizer has been relocated to the front of the probe so that it subtends the largest
solid angle possible – as the neutrals cannot be directed until they are charged. In SIMS mode the
ionizer filament is off and the electrode behaves as an extractor for ions. In SNMS mode the ionizer
cage is populated with electrons and neutrals are ionized – these then follow a similar path to that which
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In this current presentation, metastable neutral atomic species of helium and deuterium formed in the source are also counted by the particle detector. This is readily seen in
electron energy scans such as those shown in figure 5. The figure shows typical scans at a source pressure of 1x10-4 Torr for pure helium, pure krypton and a
helium/deuterium mixture. To better understand the form of the scans they can be understood by particular reference to the energy-level diagrams of figure 5a. Figure 5
shows the electron impact induced metastable He*(21S or 23S states) from the Helium ground 11S state. The He(23S) atoms are produced by electron impact excitation on
He(11S) ground state atoms. Radiative decay from the He(23S) level back to the He(11S) ground state is forbidden by quantum spin selection rules. It is seen that the energy
states of the metastable He* atoms are 20.6eV and 19.8eV respectively with lifetimes of the order of 3000 seconds, essentially acting as pseudo ground state levels.

K signals from Microcline

The form of the TIMS electron energy spectra in figure 5 for Helium evolves as the electron energy is increased. For electron energies beyond 20.6eV, He*(23S) is
produced and detected, contributing to the detected signal. For energies beyond 24.5eV He+ ions are produced by ionization of the ground state He(12S), and the
combined He+ and He*(23S) signal increases as shown.
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The sample is insulating and a 500 eV electron flood has been used to provide charge compensation. This is not actually required
for the analysis of neutrals but must be provided to ensure the primary
ion beam
is not affected by high surface potentials.
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Turning the filament off, with all other potentials remaining the same, permits detection of “breakthrough” SIMS ions to be monitored.
Even in the case of a very high ion yield material, such as potassium, this only represents a few percent.

-1

In Use
1.E+05

1.E+04

1.E+03

The availability of particle detectors that can be operated at high pressures opens up the possibility of directly observing long-lived, high energy, metastable species such as
Hem* when these are produced in a plasma or other reactor.The direct detection of He*(21S/23S) may be of importance in applications when quantification of residual Helium
Modification to the Hiden EQS analyser permits mass and energy analysis of fast neutral species for both
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