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Résumé - Les structures fines observées dans le spectre Auger de divers maté-
riaux (Fe, Co, Ni, Cu) ont été exploitées avec le formalisme d'EXAFS. Leurs
transformées de Fourier permettent de déduire la distance interatomique des
premiers voisins qui est en bon accord avec les résultats obtenus par la
technique EXAFS effectuée & l'aide du rayonnement synchrotron.

Abstract - We have observed extended fine structures above core-valence-
valence Auger transitions on several materials (Fe, Co, Ni, Gu). We analyse
these oscillating structures following the same formalism used in EXAFS.
The lattice parameters obtained by Fourier transform are in good agreement
with those deduced from synchrotron radiation EXAFS data.

INTRODUCTION

Auger electron spectroscopy (AES) is the most currently used technique in order to
get information on the chemical composition of the outermost layers of the surface.
However the AES technique so far could not provide easily structural information on
the investigated samples. The lack of this structural potentiality can now be brid-
ged over thanks to the findings we present in this paper. We demonstrate here that
fine structures related to a core-valence-valence (CVV) Auger transition are detec-
table in Auger spectra/l/. They extended on several hundreds of eV above the investiga-
ted CVV Auger lines. We interpret these extended fine Auger structures (EXFAS) as ori-
ginated from the same interference process which produces extended x ray absorption
fine structures (EXAFS) usually observed in the x ray photoabsorption spectra /2/.
From the Fourier analysis of our EXFAS spectra, we obtain the radial atomic distribu-
tion F(R) of the samples, conferring therefore to the conventional AES technique new
capabilities as a surface sensitive structural probe. This is a new approach to lo-
cal geometry determination to be compared to other fine structures recently observed
in energy loss spectra (EELFS) /3/. Fig. 1 schematizes various fine structures found
in the electron yield distribution, near the core edge region (as used in EELFS tech-
nique) and above Auger transition {as used in EXFAS technique discussed here).

RESULTS AND DISCUSSION

Single crystals, polycrystals and evaporated films were prepared in a ultra-high
vacuum chamber. Fig. 2 (a) shows the extended fine Auger structure spectra for a
clean Cu(111) surface as a function of the kinetic energy. The upper part corresponds
to the conventional dN(E)/dE Auger mode (first derivative N'(E)). The lower part cor-
responds to the second derivative d2?N(E)/dE2 mode (N"(E)) in order to improve the fi-
ne structure-to-background ratio. The spectra display several extended fine features
far from the Mp3 VV Auger lines.
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These structures have been observed by other authors /4/ who associated these featu-
res to a diffraction effect and no quantitative structural analysis has been achie-
ved. In contrast, we assign these oscillating structures to the same interference
process giving rise to EXAFS oscillations. Using therefore the EXAFS analysis pro-
cedure, the raw data were background substracted (dotted line in Fig. 2(a)) and
Fourier integrated choosing the E, threshold energy at the inflection point of the
Mp3 VV first derivative Auger line. Figs 2(b) and 2(c) show the magnitude of the
Fourier transforms F'(R) and F"(R) spectra of the N'(E) EXFAS and N"(E) EXFAS res-
pectively. The first peak in the two F(R)'s is located at 2.20 + 0.03 X and should

correspond to the 2.55

distance between the first nearest-neighbours atoms in the

Cu(l1l) f.c.c. sample. Similar results for Fe and Ni are presented in Fig. 3 and 4
respectively. Fig. 5 shows the Fourier transform of extended fine Auger structures
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Fig. 1 - Schematic N(E)
electron distribution re-
flected from a surface
excited by an electron
beam,

Fig. 2 ~ (a) EXFAS of
Cu(111) detected in
the first N'(E) and
second N"(E) deriva-
tive mode. (b) F'(R)
deduced from N'(E).
(c) F"(R) deduced from
N"(E). The Fourier in-
tegral was extended
between 3.5 and

9.5 §-1.

Fig. 3 - EXFAS of polycrys-
talline Fe (first derivative
and integral) with the cor-
responding Fourier trans-
forms.



Cc8-211

Ni(100) o=
) w
& fig. 4 - EXFAS of Ni(100)
=~ (first derivative) sample
= with the corresponding
Fourier transform.
) f §60 o o 1 2 ,3 a4
Kinetic energy (eV) R(A)

detected for the cobalt film above the MVV Co Auger lines in both the first and se-
cond derivative modes. Their corresponding Fourier transforms are sketched in Fig.
5(a) and 5(b) respectively. In order to compare with EXAFS /5/ and EELFS experiments
/6/ above the same My3 edge, we also draw in Fig. 5(c) and 5(d) the corresponding
F(R). The agreement is excellent and the first peak in the F(R) reflecting the first
neighbours in the h.c.p. cobalt is located at 2.05 t 0.03 £ for all three spectros-
copic techniques (EXFAS, EXAFS and EELFS). Corrected for the phase shift /6/, it gi-
ves exactly the 2.50 + 0.03 & distance as found from x ray diffraction on the h.c.p.
cobalt.

We summarize in Fig. 6 the mechanisms underlaying the physical origin of the fine
structures observed in Auger spectra. Fig. 6(a) reminds the well-known EXAFS mecha-
nisms. Fig. 6(b) explains the usual Auger process. In this CVV Auger transition, one
(valence) electron fills an initial core hole and a second electron (Auger) is emit-
ted from the solid. The kinetic energy of the escaping Auger electron is given by :

E (CW) = E (C) - E (vj) - E (V) (1)

neglecting the final state hole-hole interaction. The initial core hole in the Auger
process was created under primary electron irradiation (energy E,). The ejected core
electron could fill either the empty states A above E_ (excited states in the sam-
ple) or/and get out into the vacuum. Now if the first electron filling the initial
core hole does not come from the valence band as in the CVV Auger process (Fig. 6(b))
but from another state at energy & above Ep (Fig. 6(c)) initially filled by the ejec-
ted core electron, then the escaping Auger electron will gain an energy A + E (Vy)
according to :

B (CAV) = E (C) + 4 - E (V) = E, + 4 + E(V)) (2)
a Cobalt |C EXAFS
M edge
o EXFAS = ~ Fig. 5 - (a) and (b) F'(R) and
‘: MMVV &,‘f F'"'(R) of the cobalt EXFAS above

the My 3 VV transition deduced
from N'(E) and N"(E). (c) F(R) of
the synchrotron radiation EXAFS
: : ; ‘ signal as reporzeg in(/S/ above
R the same edge. (d) F'(R) of the
b ; d - EELFS EELFS signal detected in the N'(E)
mode. All the three techniques
provide the same nearest neigh-
bours distance.
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Fig. 6 - Schematic energy dia-
grams of the excitations process
in EXAFS (a), Auger (b) and ex-
tended fine Auger structures
(EXFAS) (c) spectroscopies invol-
ving the same core level. Note
that the A states are filled by
the core electrons excited by
the primary electron beam.
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Moreover if the excited A states of the first electron are EXAFS like modulated in
energy, then the measured Auger kinetic energy of the second (valence) electron will
contain entirely the EXAFS structures. So we are probing the EXAFS like interference
effect experienced by the first electron in its excited state A through the emission
of the second (valence) electron. All excited A states above Ep with an energy lower
than Apay = E, - E (C) can be filled by this technique. More detailed calculations
will be published elsewhere /7/.

In conclusion, extended fine structures detected in the CVV Auger spectra are inter-
preted as due to an EXAFS-lijke effect experienced by one of the two electrons which
enter in the Auger process. These EXFAS features confer to the conventional Auger
technique new capabilities in the surface structural determination.
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