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Introduction
Metal and metal oxides are materials, which are important for many applications. Therefore, reliable
quantitative analysis methods for oxides are desired. If a clean metal is bombarded with rare gas ions,
it is well known that the sputtered flux consist mainly of neutral monoatomic target particles. Howev-
er the composition of the sputtered flux changes drastically if the surface is partially or fully oxidized.
It is well known from secondary ion mass spectroscopy (SIMS) [1] and from bombardment in-
duced light emission (BLE) measurements [2], that the yield of ions as well as excited neutrals in-
creases by orders of magnitude with increasing oxygen coverage of the surface. On the other hand, it
is especially this effect which is used in SIMS to enhance the sensitivity. The strong matrix effects in
the generation of secondary ions and excited atoms are a serious limitation for these techniques for
quantitative surface analysis. To overcome this problem ana1y81s of sputtered neutral atoms has been
proposed for better quantitative surface analysis. In short, the approaches can be clasified in probing a
particular atom in a particular state (laser induced fluorescence, LIF) or ionizing and mass-analyzing
the neutral sputtered flux without regard for excitation of a sputtered particle (secondary neutral mass
spectroscopy, SNMS). Postionization in SNMS, can be achieved by electron impact ionization [3],
by an Ar-plasma [4], by resonant multiphoton ionization [5] or by non-resonant multiphoton ioniza-
tion [6]. Analysis of sputtered neutral atoms may also suffer from matrix effects, due to the chemical
environment on the sample surface. In general, a decrease of the yield of neutral metal atoms sput-
tered from oxidized surfaces compared to clean metals have been observed, although LIF [7-9] and
SNMS [4,10] investigations disagree considerably about the magnitude of the effect. This may be
partly due to inherent experimental aspects of the different techniques, but the presence of matrix ef-
fects seems to be well established. A recent summary on this topic can be found in [11]. In the
present paper we compare SNMS and SIMS measurements of gradually oxidized surfaces, performed
under identical experimental conditions.

Experimental

The experiments were performed under UHV conditions (2°10-10mbar base pressure) using a newly
developed SNMS/SIMS instrument. Details of the instrument can be found in [12]. This device em-
ploys time-of-flight mass spectrometry of either photoionized sputtered/desorbed neutral atoms and
molecules by intense laser radiation, or direct analysis of the secondary ions. Time-of-flight mass
spectrometry has the big advantage that all masses are recorded quasi-simultaneous. A Lambda Phy-
sik excimer laser operated with XeCl (wavelength of 308nm) was used for photo ionization. The
analysis was performed with a 8keV Art beam with up to 2iA dc current and a beam diameter of
3mm provided from a Colutron ion source. The ion gun axis is tilted 45° from the target normal. Oxy-
gen is introduced to the sample through a tube from an inlet valve, directed under 60° from the surface
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Figure 1: SNMS and SIMS ToF spectrometer. with the laser fired at the end of each
pulse (static mode). In static mode very
little surface damage is caused by the primary ion beam. The flux of primary ions in this mode is
9.2:101%0ns/sec-cm?. In dynamic mode, not only high erosion of the sample, but also implantation
of oxygen into the sample takes place, thus surface composition reflects the interplay of Ar ion bom-
bardment and oxygen exposure.
In SIMS-mode the measurements only are performed in the static regime due to the nature of the in-
strument. The detection efficiency is a factor of 10 higher than in SNMS mode. The flux of primary
ions in SIMS mode is 4.2-10%ons/sec-cm?2.
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Results

For static conditions, the dependence of the yields of neutral Cr and CrO on the oxidation of the sur-
face as obtained by SNMS is shown in fig. 2. The Cr signal does not seem to be affected by the oxy-
gen concenctration as it stays almost constant over the full range of oxygen flux. The only sputtered
neutral molecule observed is CrO. Its signal is smaller by a factor of 6.5 than the Cr signal for fully
oxidized surface. Comparing static and dynamic modes the presence of CrO, in case of the dynamic
mode might indicate that implantation and mixing of oxygen in the uppermost atomic layers of the
metal is effective.

Figure 3 shows the SIMS measurement of Cr sample under oxygen coverage. The Crt secondary
ion yield increases from the clean to the fully oxidized surface by a factor of 190. A saturation in the
Crt yield is found above a rate of 2:10120xygen molecules/sec:cm2. Oxide ions (CrO and CrO,),
which are not present on a clean surface appear at a flux of 3-10!loxygen molecules/sec.cm?. Worth
mentioning is the Cr,* dimer, which is not sputtered from the clean surface, but is detected with in-
creasing oxidation of the surfaces. At high fluxes of oxygen molecules, the Cry dimer disappears
again. The total Cr* yield is smaller by a factor of 0.07 than the total neutal Cr yield for oxidized sur-
face. The magnitude of increase and saturation of the Cr' secondary ion yield agrees well with a pre-
vious measurement [16], performed also under static conditions. In [16], an increase by a factor of
240 and saturation of the Cr yield above an exposure of SO0L oxygen (static exposure) was found.

In case of sputtering Ta metal we not only see Ta atoms and clusters but also TaO and TaO, in the
SNMS spectrum shown in fig. 4, even for a clean surface. The ratio of the signals of metal clusters to
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Figure 3: Relative SIMS yields of metal clusters Cr, Cro and the the Ta yield by a factor of 7 was found
oxides CrO and CrO under oxygen exposure of an initially clean  [10], which is considerably larger than

polycristaline metal sample measured with pulsed 8keV Art beam  what we observed in our experiment.
of 1.6pA and pulsewidths of 1psec (static conditions).
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Discussion

The present results of the SNMS measurements for Cr differ considerably from previous results ob-
tained by laser induced fluorescence [7]. With LIF, the yield of Cr ground-state atoms under simulta-
nous oxygen exposure and Art bombardment was found to drop by a factor of hundred for a
dynamic situation at Ngas/Nion=10 [7,17]. The huge drop of ground-state atoms was explained by
proposing that the sputtered flux from an oxidized surface consists mainly of oxide molecules. In
general, in previous SNMS experiments a decrease approximately by a factor of 7 of the yield of met-
al atoms for oxidized surface was found. A possible explanation for the discrepancy can be a high rate
of photo fragmentation of sputtered molecules in the ionizing region. The dissociation energy of the
CrO molecule from the ground-state S]] is =4.0eV [18]. That is close to 4.02eV, the energy of a
308nm photon. Thus it seems most likely that one-photon dissociation of CrO occurs rather than ioni-
zation of the molecule. Fragmentation results with high probability in Cr* and O ions [18] due to the
electronic configurationof the CrO molecule. Although ionization of Cry lEg only requires 1.86eV
and is not close resonance, photo fragmentation can occur via an excitation to the 7Y, antibonding
potential curve [19]. This explains why in the special case of Cr and excitation with 308nm, only mi-
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and the oxides TaO and TaO2 under oxygen exposure of an ini-  is only half the value we found. We used a
tially clean polycristaline metal sample measured with pulsed  higher primary ion energy, and it is known
8keV Art beam of 1.6pA and pulsewidths of 20pusec (static condi- that the yield of TaO rises more than the Ta
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Conclusions

Dissociation of molecules always poses a problem in ionization. For CrO and Cr, this seems to be
much more pronounced than for Ta clusters as well as Ta oxides. Therefore, dissociation is a proba-
ble explanation why different results are obtained by different experimental techniques.

In conclusion the present result demonstrate that matrix effects for sputtered neutral metal atoms
from oxides, even though they exist, are masked in SMNS to a high extend - depending on the ioni-
zation process and the particular metal-oxide system - due to fragmentation of sputtered molecules. As
a consequence, the metal SMNS signal from oxides offers a better quantitative information about the
particular metal concentration than matrix effects would imply.

Changing the wavelength of the ionizing laser, we have the possibility to optimize the ionization
process to minimize photo fragmentation and thus obtain detailed information about the chemical
structure of the surface and composition of the sputtered flux.
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