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ABSTRACT

Elcments of low atomic number can be studied

by clectron encrgy lnss, sccondary electron emission and

Auger emission. Auger electron spectroscopy is correlated

with the inner shell ionization mechanism and atomic rela-
xation. Electron energy loss spectrometry is reclated either
to collective phenomena like plasmon excitations, or to
the excitation of molecular electronic states. The secondary
c¢lectron emission of contaminated layers results from the
descxvitation of these excited states. Using these results,
~we characterized graphite, Carbon segregated on Aluminium
and organic layers, by cxcitation of nw (6 eV) and o (25 eV)
orbitals. Molecular Hydrogen, adsorbed on Pt, Ta and Al,
produces a 13 ¢V electron energy loss which is attributed
to the excitation of the transitions 1EE > 125, lnu. Adsor-
bed Oxygen on c¢lean Aluminium produces an clectron energy
loss at 7 eV which has been reported as due to the 2p O
level ionization. The cross scction of o + o* orbital exci-
tation is ~ 102 tines higher than the inncer K-level Carbon
ionization cross scction., Molecnlar electronic level desoxei-
tation produces a sccondary electron emission at an cnergy:

equivalent to that of the electron cncergy loss value.
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INTRODUCTION

After separate developments, S.E.M. and A.E.S.
_were combined, in ultrahigh vacuum apparatus. This evolu-
tion was necessary to enable analysis of light elements

and thin films. However the interactions between the elec-
tron beam and the observed Samples, limit the capabilities

of A.E.S. to studying the trace elements because on one hand,
the Auger cross <=ction is very low and on the other hand
radiation effects appear since the current density is higher
than 1073 A.ca™2. 1 1 1.

On technological -samples, the sthdy of the
electron énergy losses ard s=2condary emission spectra
shows clearly several peaks at 6, 7, 13, 20 eV. The pur-
pose of this work is to identify one origin of these peaks
and to apply it to the elementary microanalysis. |

EXPERIMENTAL

™~

We use a C.M.A electron spectrometer mounted
on an ultrahigh vacuum apparatus with a Tungsten hairpin elec
- tron gun. The signal detection is based on beam brightness
modulation. The F W H M of the primary electron beam is
750 meV. . SEE
The analyser energy window width was measured
between 12 eV and a few keV on a Carbon layer. A post
éccgleration (~ 300 V) was applied between the C.M.A
outlet slit and the first dynode of the electron multiplier
in order to avoid a drop of the gain below 100 eV. Figure 1
presents a typical spectrum recorded with Ep ~ 30 eV,
Ip ~ 10-10 A, on a clean polycrystalline Aluminium sample
[ 2. This spectrum which must be taken as a test for
a correct use of the C.M.A spectrometer is characterized
as follows :




3.

1. a lack of secondary electrons between 0 and
about 4 eV ; this energy range measures the work function,
¢ , of Aluminium, as no electron can be emitted with an
initial eneigy below ¢ . In this experiment, the energy

" zero of the electron spectrometer is adjusted at the
Fermi level [ 3 ]. '

2. a symetrical elastic peak of F W H M about 1 eV
which represents mainly the en=ergy spread of the incident
bean.

3. an energy loss peak at AE ~ 4 eV, attributed [ 1 ]
to the Aluminium interband transition. No loss peaks rela-
tive to surface and volume plasmon does exist at this acce-
lerating voltage.

These three features corresporc to a good
spectrometer reliability.

RESULTS

Our main results are relative to electron
energy losses and secondary electron emission of Carbon
Oxygen and Hydrogen on metals.

1. Carbon v
. ' 1.1.- When a clean polycrystalline Aluminium

sample hecomes gradually contamined with C, the electron
energy loss peak corresponding to the Al surface plasmon
excitation (AE ~ 10 eV) decreases very quickly and dis-

appezrs for a low coverage [ 2] (0 £ 0,01) while elec-
tron energy losses appear at 6 and 20 eV, and secondary

emission increases at 20 eV.

- 1.2. Graphite and organic monolayer (Allyl
Cyanid) with both samples, we observed peaks of secondary
emission at 6 and 20 eV, whereas the electron cncrgy loss
peaks are observed at 6 and 24 eV for graphite and 6 and

25 eV for the organic layer. |
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2. Oxygen . . ~

Table I summarizes the results obtained on a

clean polycrystalline sample exposed to oxygen.

Al AL * 02
L § ¥
: '
Ep (eV) S-E- : ) E.Lls. S-E- ) E.L-S.
r
] $
) ' o
S0 11 ! 4,10,15 7,11 1 4,7,15
_ ! :
250 1 i 4,30,15 | 7,11 } 4,7,15
. [ ]
30 T 4 7,11 E 4,7
} '

.3. Hydrogen

Electron energy loss spectra recorded at

increasin ressures of H, on various metals show the
gpP 2

development of a peak at 13 eV (Figure 2).

DISCUSSION -

substrate have been reported previously by other authors.
In contrast with their results, when a clean metal becomes
contamined with C, O, H, the first noteworthy feature is
the fast decreas~ of the electron energy loss intensity

Electron energy losses on a clean metallic

peak corresponding to the surface plasmon excitation.

Furthermore, the energy value of the electron energy loss
which is developped during the contamination, seems to be

essentially dependent on the adsorbed element, without

correlation with the electronic structure of the material.

high

The electron energy loss observed with C has
been attributed previously either to transition between

density of state zones in the band structure of

veoleon
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graphite [ 4, 5 ] or to excitation of nw and o bonds [ 6 ] .
As thc <¢lectron energy loss values are roughly the same
for Carbon contamined metal, Graphite and organic layer,
we prefer the nolefular electronic excitation model.

The electron energy loss due to Oxygen conta-
mination has been attributed to excitation of a resonance
level of chemisorbed Oxygen (2p O level) [ 7 ] . Then we
do not understand why this loss is developped at the same
value for every studied case.

With regard to the Hydrogen contamination,
studies have been conducted on silicon and rare earth
hydrides [ 8 ].No loss was observed at 13 eV. Then we assign
the 13 eV observed electron energy loss on Pt, Ta, Al
to the excitation of Hydrogen molecular electronic levels

IZE + ltﬁ ’ lnu.

As this process is not fully reversible with
pressure (we had to heat the sample at 300° C to return
to the initial state), we consider that the contribution
of gas molecules to the 13 eV loss peak, is negligible.
On the other hand, the physically adsorbed Hydrogen mole-
cules or the molecules trapped in clusfens of vacancies,
could produce this loss peak. )

In every case, the secondary electron emission
developped was at the same energy value as the characte~
ristic electron energy loss, and could be the result either
of ion neutralization near the surface, or of molecules
desexcitation by an Auger like mechanism. The intensity
of the electron energy loss and that of the secondary
electron emission have the same value.

ceelees




For Carbon. comparison between the electron

energy loss intensivy and that .of KLL Carbon Auger trans-
ition, shows that these proces.es have a cross section
greater than the inner shell ionization cross sections.

CONCLUSION

Segregated and adsorbed eiements can be
characterized by electron energy losses at 6 and 25 eV

- for Carbon, 7 eV for Oxygen, 13 eV for Hydrogen. These

electron energy losses for C and H, are attributed to
molecular electronic level excitations. This desexcitation
results in secondary electron emission. These emissions
are used to make secondary electron micromappings of the
adsorbates on a surface.
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FIGURE CAPTION . e

Fig. 1 -"En(E) energy distributions at Ep = 30 eV

Fig. 2 - electron energy loss spectrum on :
a, clean Ta ; b. c. d., under various partial

pressures of H,.
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