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Abstract

KLL Auger spectra excited by electrons with energies in the 30-35 keV range of Fe, Cu and Ge films were measured, using thin free-standing
films. It was possible to obtain spectra with an energy resolution of about 1 eV. The observed speuitheaescribed satisfactorily by just
the multiplet splitting of the final state as calculated for an isolated atom. Additional features, due in part to intrinsic (shake satellites) and in
part to extrinsic (energy loss of the escaping electron) processes formed a large fraction on the observed intensities. In particular a number of
distinct satellite structures that are not predicted by the atomic Auger process are observed. For Fe and Cu the satellite peaks can be explainet
in terms of shake-up processes from thg 3etd;, states. Similar satellite structures observed in Ge are partly attributed to plasmon creation
and partly to shake-up processes. Itis demonstrated that both the thickness dependence of the observed intensity distributions and transmissio
electron energy loss measurements contain invaluable information for the interpretation of these spectra.
© 2005 Elsevier B.V. All rights reserved.

PACS:79.20.Fv; 32.80.Hd
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1. Introduction years relatively high-resolution spectra of these KLL Auger
transition have become available. However, the interpreta-
Quantitative understanding of the behaviour of energetic tion has turned out to be less than straightforward. Here we
electrons in matter is essential for interpreting a variety of use a somewhat different approach to measure these spec-
experimental techniques such as photoemission and electrortra (electron induced Auger spectra from thin, free-standing
microscopy. Recent advances in synchrotron technology hadfilms) and see if these data can contribute to a quantitative
meant that high-energy XPS (5-10keV) experiments are aunderstanding of the spectra.
reality [1]. These experiments are supposed to be bulk sen-  There are two limiting factors that restrict the use of KLL
sitive and their interpretation should be relatively simple as Auger spectroscopy for heavy elements. The first limiting
surface effects are small. One process that contributes to theactor is the increasing fluorescence vyield with increasing
XPS spectra in this energy range is the KLL Auger elec- Z. Going fromZ = 20 to Z = 40 the fluorescence yield in-
tron spectra of the 3d elements. From atomic physics we creases from 20% to 80% and hence the Auger yield will
know that these Auger spectra display a multiplet structure. decrease in a complementary way4]. At the same time the
For elements with 185 Z < 35 the multiplet structure is  lifetime of the K level decreases with increasiafi—6]. For
not well described in either the non-relativistic LS coupling example, the lifetime broadening is calculated to be 1.1, 1.6
scheme or the relativistic jj coupling scheme and an inter- and 2.5eV forZ = 25, 30 and 35, respectivdy]. This sets
mediate coupling scheme has to be appli2d In recent a clear lower limit for the line width one can expect for KLL
Auger lines. Thus the KLL Auger line of the third row of the
"+ Coresponding author. periodic table provi_des a series of tests of our understand_ing
E-mail addressmichael. went@anu.edu.au (M.R. Went). pf keV_ electrons with reasonable sharp structures and high
URL: http://rsphysse.anu.edu.au/ampl/research/ems/. intensity.
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Over the last few decades KLL Auger measurements haveto be considered for a full understanding of the resulting
become available with higher and higher resolution. It turns Auger spectra. In some cases these spectra show satellites
out that the spectra obtained &wlidsdisplay more structure  that cannot be explained by extrinsic processes alone. But in
than that predicted by theory based on KLL Auger decay of the case of copper, for example, the calculated intensity and
isolated atomsilt is this difference that is of interest. It is  observed intensity of the intrinsic satellites differ by almost
due to the response of the solid on the new final state cre-an order of magnitudg 8].
ated (ntrinsic effects), and due to energy loss of the Auger These measurements depend on the core hole production
electrons before they leave the filex{rinsiceffects). Under- in the deep K-shell. The initial Auger measurements used
standing of these effects is important for all electron spectro- nuclear decay by internal conversion electrons to create the
scopies using keV electrons. In this paper we investigate if core hole[21]. Nowadays copper & radiation is used for
electron-induced Auger spectra of thin films can be of help elements lighter than Cu and Bremstrahlung for heavier el-
in addressing these questions. ements. Some data were obtained using monochromatized

While only a few authorf7—9] have investigated the KLL ~ copper Kx [22] radiation or by synchrotron radiatidaO].
spectra of Feitis clear that the atomic multiplet structure isre- In this work we wish to demonstrate that, provided one uses
solved[2,4,10,11]in these spectra, but the multiplet structure thin free-standing films, KLL Auger spectroscopy at keV en-
by itself fails to describe quantitatively the observed inten- ergies can be performed using electrons to produce the deep
sity distribution. In addition the for-mentioned intrinsic and core holes. Thus there is no requirement of a hard X-ray
extrinsic loss processes play an important role. In the casesource and this approach eliminates spurious photoelectron
of Fe they produce a large asymmetric line shape for eachpeaks that sometimes contribute to the measured distribu-
multiplet and an additional peak (satellite) was observed in tions. However electron induced Auger spectra are subject

the recent work9]. the same intrinsic and extrinsic processes observed in X-ray
The earliest investigation of Cu was by Asaad and Burhop induced Auger electron spectroscopy or AES produced by

[12] who measured the relative energies of %E;g and3P2 internal conversion/electron capture processes.

peaks. Sokolowski and Nordlirfd3] concurrently detected In this paper we present the electron-induced KLL Auger

a satellite to the maifD,, line. The satellite was attributed ~ spectra for Fe, Cu and Ge and compare these measurements
to contributions from inelastic scattering. However, the sharp with the available experiments and theoretical calculations
nature of this satellite and the lack of any corresponding fea- and discuss the nature and origin of extrinsic and intrinsic
tures in the electron energy loss spegird] indicated that processes observed in the Auger spectra of Fe, Cu and Ge.
this is not the case. &veér et al.[15] recently attributed the

peak to 3d spectator vacancy shake-up processes, similar to

those observed in the X-ray excited LMM Auger spectra of 2. Experimental

Ag [16]. Kover et al.[15], however, gave no indication as to

why similar satellites were not observed for the other lines 2.1. Spectrometer description

of the spectra. Cserny et §L7], using molecular orbital cal-

culations predicted the position of this satellite which was  The Auger measurements were done using the electron
highly dependent on the amount of screening of the core momentum spectrometer of the Australian National Univer-
hole. With more recent measuremefi8], they found a sec-  sity[23] (seeFig. 1) and only details pertaining to these mea-
ond satellite below thl‘eSO line and calculated the intensity of  surements will be discussed here. An electron gun produces a
the earlier observed satellite. The presence of these satellite25 keV beam which impinges on a sample held at an energy
in Cu means that calculations based on atomic phy4jd4] (Ea) close to that of the Auger transition of interest. Thus
alone fail to describe spectra obtained from solids. electrons with energ¥a + 25keV strike the target which

Geisthe least studied among the three elements presentedorresponds to 3-4 the K-shell ionization energy. This is
here. Only two experimenters investigated this target prior to close to the energy at which the K-shell ionization cross sec-
this work [19,20] As for the theoretical side, Chen et al. tion has its maximuni24]. Auger electrons emitted from the
[11,4] calculated the relative intensities of a range of targets, target at~45° to the incident beam direction, enter a lens
13 < Z < 96, and Larking2] reported the semi-empirical ~ system which decelerates and focuses the electron at the en-
calculations. Kovak et al.[19] measured the AES of Ge us- trance plane of a hemispherical analyzer with a pass energy
ing the internal conversion method with an experimental reso- of 400 eV. Electrons are dispersed as they pass through the
lution of 7 eV, missed the satellite structure observed recently hemisphere and are detected on a two dimensional position
by Berenyi et al.[20]. The satellites observed in Ge have sensitive detector, mounted at the exit of the spectrometer.
been attributed partly to intense plasmon losses and partly toThis configuration allows the simultaneous collection of a
“shake-up” processdg0]. range of energies and over a’I&imuthal angle.

Thus the interpretation of these KLL Auger spectra still Electron energy loss spectroscopy (EELS) measurements,
provides a significant challenge for experimenters and theo-used for background removal in Ge, were also performed us-
rists as solid state effects complicate the Auger spectra. Theing this apparatus. In this case the electron gun and analyzers
structure due to inelastic scattering (e.g. plasmon loss) needsere held close to ground while the sample was set at the
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Fig. 1. Schematic representation of the spectrometer.

energy of the Auger transitiorE). Thus electrons emitted  were prepared by e-beam evaporation of metal rod targets
from the gun strike the sample with enerfy and elastically while the Ge samples were prepared by resistive heating
scattered electrons are decelerated and focused into the speof a tantalum boat containing the Ge metal. Ten-nanometer
trometer. By varying slightly the analyzer float potential a thick metallic films were deposited onto the carbon films
range of energies can be scanned across allowing EELS speddy this method Fig. 1). The thickness of the evaporated
trato be measured. From the elastic peak obtained under thesélms was determined with a crystal thickness monitor. Dur-
conditions we obtain the analyzer energy resolution. The to- ing the actual experiment the transmitted electron beam is
tal energy resolution of the Auger experiment is estimated to monitored on a phosphorous screen. The diffraction pat-
be 1 eV resulting from the intrinsic resolution of the analyzer terns observed correspond to those of polycrystalline iron
(0.6 eV), a high frequency ripple on the high voltage power (bcc) and copper (fcc), whereas that of germanium was
supply (0.1 eV) and a typical drift over a measurement period typical for an amorphous target, lacking sharp diffraction
(0.3eV). rings.

2.2. Sample preparation

Due to the transmission nature of our experiment the sam-2.3. Experimental procedure
ples need to be self supported and thrllQ nm). For this
purpose, we use the same sample preparation methods as for After a sample is evaporated, it is moved to the main spec-
electron momentum spectroscopy experiments. A thin 3 nm trometer chamber for the Auger measurement. This transferis
amorphous carbon film is floated off a glass slide on which completed entirely under ultra high vacuum to ensure sample
it is mounted using de-ionized water. The film is then lifted quality is maintained. In the main chamber one of the 0.3 mm
onto a regular array of 0.3 mm diameter holes in a stainlessdiameter samples is aligned with the incident electron beam
steel shim. The shim is mounted on a stainless steel blockwith the carbon side closest the incoming beam. Most of the
used to transport the samples in vacuuiig(1). After dry- electron beam is transmitted through the 13 nm thick C-metal
ing the sample is loaded into vacuum via a load lock and the sandwich structure and dumped in a Faraday cup. In a thin
films are annealed using electron bombardment to removefree-standing film the incoming electrons are unlikely to lose
contaminants and thinned further by using an argon ion sput- most of their energyndbe deflected over 45 Thus using
ter gun. a thin free-standing target we can obtain electron-induced

The samples are then introduced into the evaporation Auger spectra on arelatively low background. A typical mea-
chamber where various metallic samples can be evaporatedurement is performed over two days with the operating pres-
using either an e-beam evaporator or resistive heater evapsure in the main chamber better thas 20~1° Torr. No sig-
orator. The base pressure in this chamber is the order ofnificant deterioration of the sample was observed in these
10~8 Torr during the evaporation. The Fe and Cu samples bulk-sensitive measurements.
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910% - o way and were compared with the literature valuesahle 1
: However, no meaningful data could be obtained on the rela-
| tive intensity of the peak because this depends completely on
@ g10°- the asymmetry of the line shape used in the fitting procedure.
5 _ p— In ref. [9] reasonable agreement was found between calcu-
g . =amllilat 7 lated and measured relative intensities using a very asym-
g 710 LR B LS B metric line shape for each multiplet, but, for example, areas
< obtained from the fitting procedure showrfig. 2are com-
—g . pletely different. It is thus very difficult to compare, for iron,
e observed intensities with the calculated multiplet intensities.
= To get some insight in the origin of the asymmetric line
5 105 Lverneis ‘ ‘ ; . — shape we studied a 4 nm thick Fe film as well. A comparison
5580 5600 5620 5640 5660 5680 5700 5720 between the 4 and 10 nm results is shown as an ingegir2.

Kinetic Energy (eV) The asymmetry of the line shape is reduced in the spectrum
of the 4 nm film. This means that at least a large part of the
Fig. 2. Electron excited Fe KLL spectra from thin self-supporting metallic  asymmetry is due to extrinsic effects. Thus, for satisfactory
samples oR10nm thigkness. Figure shows asymmetric line shape degon- fitting, it is required to consider the thickness dependence.
volution on top of a Shirley type backgro_und. The inset shows a comparison Electron spectroscopy data for iron are known to have a much
of the Auger spectra for 10 and 4 nm thick films. ’
larger step in the background compared to other elements
[27]. Hence analysis of the copper and germanium data (to
be shown next) is significantly less affected by this problem.
The relative peak energies presentetiable 1show good
agreement with previous experiments with the exception of
the 180 line, measurement of Kovlll et al. [8], which lies
lower than ours by more thary2 This difference was also
observed by EMmethy et al[9]. Comparison with the theo-
retical relative energies indicates that the size of the multiplet
splitting is calculated with a precision of 10%.

3. Results and discussion
3.1. Iron

In Fig. 2we present the Kisl o3 Auger spectra as mea-
sured for a 10 nm thick film. Thes,, 1D, line and®P, line are
clearly observed for both films. Additional peak just above
thelD, line may indicate the presence of fﬂqo line but its
intensity is too small to be analyzed quantitatively. Another
structureis clearly resolved at 5614.2 eV. This peakis referred
to as satellite 1 infable 1andFig. 2 It has been observed 3.2. Copper
previously[9] and identified as a plasmon loss feature. How-
ever the observed position and shape do not correspondto the In Fig. 3we present the electron excited AES of Cu. We
peak in the Fe EELS spectra, which show a broad maximum can clearly see that the peak asymmetry is reduced compared
at an energy loss value 622 eV [14]. This suggests the to Fe and that the width of thtlaD2 line is smaller. Thus
presence of additional “shake-up” processes, such as thoseéhe Auger spectrum is sharper in spite of the fact that the
observed in CJ17,18,25] Coster-Kronig processes, often lifetime broadening is expected to increase with increasing
the origin of intensity at the low kinetic energy part g\L\V Z. Besides the multiplet structure we observe two additional
Auger spectra do not occur for KLL Auger spectra. ‘satellites’: one below the maﬂfD2 line and another satellite

The intensity at the low energy side remains higher than below thelsO line. The line nearer th%‘D2 (‘satellite 2') line
that at the high energy side. The asymmetric distribution was originally attributed to inelastic loss mechani$ir® but
was also observed in the previous measureni8r@§ Thus, the lack of a strong corresponding feature at 11.6 eV energy
asymmetric peak shapes were chosen for fitting to the mea-loss in the EELS spectfd4] makes this doubtful.
sured spectra, while background removal is done using the Recently the structure observed in the Cu KLL AES was
Shirley algorithm[26]. It was found that strongly asymmet-  attributed to “shake-up” satellites (8¢—4ds,2) in both the
ric peaks were required for all components in order to get initial and final state$18] but no explanation was given as
a reasonable fitting. Peak positions were determined in thisto why these structures were not observed in the other lines.

Table 1

Fe KLL energies relative to thkD, line and KlsL 3 (*D,) transition energy (eV): (T)heory and (E)xperiment

Line This work Ref[9] (E) Ref.[8] (E) Ref.[10] (a) (T) Ref.[10] (b) (T) Ref.[2] (T)
Satellite —29.2(1) - - - - -
KLoL2 (1Sy) —19.3(1) —19.8(0.5) —24.0(2) -214 -182 -17.8
KLsLs (3P, ) - - - 100, 10.8 99,118 101,110
KLsLz (P,) 20.8(0.5) 218(0.5) 21(9) 201 206 203
E(*D,) 56434 56406(0.8) - - - 56248

Quoted errors are estimates of one standard deviation.
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Fig. 3. Electron excited Cu KLL spectra from thin self-supporting metallic Fig. 4. Electron excited Cu KLL spectra from thin self-supporting metallic

samples 0fv10 nm thickness. Figure shows line shape deconvolutionontop samples ofv10nm thickness. Figure shows line shape deconvolution on

gf aShu;!ey type background, analyzed assuming four multipt€s,(‘D,, top of a Shirley type background, analyzed assuming an identical satellite
Po and*P,) and two satellites (Model 1). structure for each of thkS,, 1D, and®P, peaks (Model 2).

At present only the molecular orbital theory of Cserny et al.
[17] predicts the position of this satellite. They found that
the position of this satellite is dependent on the amount o
screening of the core holes which varies freiti5.8 eV for
an unscreened hole, t610.5eV for a screened hole, sug-
gesting the importance of screening in i]. The lack of

served in a solid. More importantly is the lack of calculations
N that predict the presence of such intense satellites.
In Table 3we present the relative intensities of the ob-
served lines under both models and the full width half maxi-
mum under Model 1. There are large discrepancies between

other theoretical calculations which predict this phenomenon these measurements and those o¥é( et al[18] and are in

suggests that a complete theoretical description has not yepart due to allow!ng avarying width in our analysis, and in
been achieved. In this work we present two models. The first pgrt due to the differences in the background removal tech-

is that that all peaks observed are independent (Modebl, nque to which intgnsity measurements are particularly sen-
3). The second one is thaachmultiplet produces a satellite sr|]t|ve. The main d|f_feren108e S b?twﬁ en our ml:? a}surer:régnts and
atlower energy separated byl 1.44 eV and with an intensity the Ere\r/:ous .expl)erl.melfn t]c S t fet;‘]glc’): c OWIt i 2

half that of the parent multiplet. The position and intensity of Eea_ where ms as K':rrsfcad'?frmg ort ﬁ hul'gehr ede_c r(;ns

the satellite are determined empirically, but position is in the egin to contribute. This difference Is highlighted in the re-

range of values calculated by Cserny e{&F] but its inten- gion between théS; line and satellite 2 where the modified
sity is much largef18]. Using these constraints we get very Tougaard backgrounfl 8] reduces the intensity to zero in

good agreement with a pseudo-Voigt peak fit to the observegcontrastto what we determingd and to the r.neasu.rer.nent.s ina

structure Eig. 4). Iate_r papef25] both of which find non-zero intensity in this
The relative energies obtained with Model 1 is given in region.

Table 2 while the relative energies with Model 2 are not given

because the multiplet peak positions were virtually identical 3.3. Germanium

to those obtained by Model 1, and there are no additional

adjustable parameters. We find excellent agreement between Measurements of the AES of Ge are giverHg. 5 for

these measurements and those performed previgu8ly thickness of 10 nm. We can see that, besides the multiplet

The agreement with the theory is reasonable, the most notablestructure, a very large satellite structure is visible in the spec-

difference is in the energy of th‘elD2 line which Larkins[2] trum. All of the main Auger lines are clearly resolved and

calculates for an isolated atom to be 7 eV lower than that ob- have a small FWHM (listed iTable 4 marginally sharper

Table 2

Cu KLL energies relative to thtD, line and KLoL3 (*D,) transition energy (eV): (T)heory and (E)xperiment

Line This work (Model 1) Ref[18] (E) Ref.[2] (T) Ref.[12] (T) Ref.[17](T)
Satellite 1 —38.8(10) -39 (1.5) - - -

KLoL2 (1Sy) —25.8(0.5) —26.0(1.0) —242 -29 -

Satellite 2 —11.6(0.5) —11.3(0.5) - - -10.9
KLsL3 (P,) 17.0(1.0) 159(1.0) 163 - -

KLsLz (P,) 28.5(0.5) 287(0.5) 266 26 -

E(*D,) 70378 70382(0.5) 70311 - -

Quoted errors are estimates of one standard deviation.
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Cu KLL intensities relative to the KiL 3 (1D2) line (%): (T)heory and (E)xperiment

Line This work FWHM This work intensity This work intensity Ref.[18] (E) Ref.[4] (T) Ref.[11] (T) Ref.[18] (T)
(eV) (Model 1) (Model 1) (Model 2)
Satellitel in 15 19 6(1) - - -
KLoLo (150) 10.0 42 38 17 (1) 9 9 -
Satellite 2 e 47 50 22 (+7) - - 3
KL2L3(1D2) 5.6 100 100 100 100 100 100
KLsLz (Py) 6.9 9 3 5(1) 4 3 -
Satellite 3 - - & - - - -
KLsLz (P,) 4.8 12 13 14 15 16 -
Quoted errors are estimates of one standard deviation.
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Fig. 5. Electron excited Ge KLL spectra from thin self-supporting metallic Energy Loss (eV)

samples ofx10 nm thickness. Figure shows raw spectra (dashed line), back-
ground convoluted from EELS spectra (dotted line), background removed
(solid line), pseudo Voight fit (thin line). Insert shows a comparison of the
raw Auger spectra for 10, 5 and 2 nm thick films.

Fig. 6. Electron energy loss spectra for 10 nm thick Ge films.

The measurements performed in this work confirm the
origin of part of these satellites as due to plasmon losses. As
than the FWHM in Cu. A large part of the satellite inten- sych, the simple Shirley model used for background correc-
sity is due to well-defined plasmon peak in the EELS spectra tion would be inadequate for this element. We implemented
(Fig. 6). The extrinsic nature of (at least a part of the intensity the Tougaard-liké28] model as described in Bemyi et al.
Of) the satellite is confirmed by the thickness dependence Of[zo] to remove the inelastic background and p|asm0n peaks_
the shape of the Auger spectra as shown in the insBigpf ~ The EELS spectra measured was fitted with a combination
5 for samples of a thickness of 10, 5 and 2nm. Early mea- of the “universal inelastic cross sectiof29] and Lorentzian
surements of the KLL AES of Ge using a thin radioactive peaks for each of the plasmon loss peaks. Deconvolution was
source[19] had a relatively poor (7 eV) energy resolution performed such that the background on the low energy side of
and did not resolve these satellites but instead attributed the[he spectra was reduced to zero. This Corresponds C|ose|y to
additional intensity to inelastic scattering. More recef2iy] removing the same amount of inelastic scattering as that de-
these satellite structures were resolved and were attributed t@ermined from the EELS spectra despite the fact that the paths
a combination of plasmon losses and shake processes.  taken by the electrons in the Auger and EELS process are

Table 4
Ge KLL energies (eV) and intensities (%) relative to theo)Kg (1D2) line

Line Relative energy (eV) Relative intensity (%)
This work Ref.[19] (E) Ref.[2] (T) FWHM This work Ref.[19] (E) Ref.[11] (T) Ref.[4] (T)

1 —36.9(1) —388(8) —34.8 2 3 78(6) 84 6.2
Satellite 1 —13.0(2) - - 9 25 - - -

b, 0 0 0 5 100 100 100 100

P, 25.5(1) 246(7) 248 6 8 54(4) 46 37

5P, 40.2(0.5) 407(4) 389 4 18 185(4) 186 212
E(D,) 85592 85674(11) 85615 - - - - -

Quoted errors are estimates of one standard deviation.
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of different lengths (the “average” Auger electron originates cited by X-rays. For the elements presented here contribution
halfway across the film, whereas the EELS electrons trans-of both intrinsic (“shake up”) and extrinsic (inelastic scatter-
verse the complete film). After deconvolution of the EELS ing and plasmon losses) appear in the observed spectra. In all
spectra from the AES the resulting source function was fitted cases it is difficult to separate these contributions.
with a number of Lorentzian peaks which were used to de-  We have found that application of the often used Shirley
termine the relative position and intensity of the Auger lines. background, which is suitable for some investigations, poorly
The deconvolution has a major effect on the intensity and po- predicts the observed background in Fe and Ge both of which
sition of thels0 component. Measurements of the thinnest present additional structure in the AES not due to electron
2 nm thick films indicated that there was another contribu- losses in their transport to the surface or satellite peaks.
tion to the background. The intensity of the background at The partial intensity analysis (PIA) method of Werner et al.
low energies is lower than that at high energies a result which [30,31] offers a more sophisticated technique for describing
is un-physical (see inset ¢fig. 5). As the signal to back-  the complex background by treating the various energy loss
ground is poorest for the 2 nm thick film, it is thought that mechanisms separately. It is expected that these measure-
this component is a combination of contributions from the ments will provide a new test for the PIA method and help
amorphous carbon (3 nm thick) film and a reduced transmis- to achieve a thorough understanding of the source of these
sion of the electron energy analyzer at lower energies. Thesebackground.
problems are less significant for thicker films as the signal  In this work a different model for the presence of satel-
to background is considerably higher and the signal from the lite structure in Cu has been presented. We suggest that the
metal film dominates that of the carbon. satellites observed in Fe , previously identified as plasmon
The measurements of the relative energies and intensitiedosses are also due to “shake up” processes. In the case of
for Ge are given iriTable 4 For the relative energies there Ge narrow plasmon peaks obscure a satellite, which is vis-
is reasonable agreement between our measurements, thodble only after deconvolution of the EELS spectra from the
of the other experimenters and between the semi-empirical AES.
theory of Larking2]. The measurement of tHéSO line was In general there is good agreement between experiment
determined to be 2 eV higher than the previous measurementand theory in all three cases for the relative energies of the
[19] and 2 eV lower than the calculated enefgy. Similar Auger lines. Comparison between measured and calculated
differences are observed for Cu and Fe when compared tointensities still remains a problem due to the difficulties in
the theory[2]. The difference between the two experiments separating and removing contributions from extrinsic pro-
is likely due to the poorer energy resolution of the earlier work cesses. Deviations between the intensities presented in this
(7 eV). For the relative intensities there is significant discrep- paper and earlier publicatiorf8,18] should be seen as an
ancies between these measurements and those ofikeval illustration that the obtained intensity ratio of the multiplets
al. [19] these differences are greatest at energies below theis very sensitive to the data reduction procedure followed,
1D, line where the contribution from inelastic scattering is rather than as an indication that results of earlier work are
greatest. The observed differences between the two measurearong.
ments can be attributed to the presence of plasmon peaks ForCuthere seemsto be atrend thatthe width of the multi-
in the EELS spectra which contribute to the raw intensity of pletis smallest for th%P2 component, larger for th’ED2 one,
both the!'S, and®P, auger lines (seEig. 5. The background  and still larger for théS, one. The same trend is seen for the
due to the plasmon peaks was not used in the work of Ko- 3P, and’D, lines in Ge, where the width obtained for tH&,
valik et al.[19] where only contributions due to inelastically component is rather unreliable due to its dependence on the
scattered electrons were considered. deconvolution procedure followed. As life-time broadening
Additional peak below the mai?=D2 peak in the spectra  of the initial state (the K hole) is identical this observation
cannot be completely explained by plasmon losses. This mayseems to suggest that additional decay channels are open for
be due to the presence of shake-up processes as observed the decay of the deeper two-hole final state of the Auger pro-
Cu[18]. Recent calculations on the position of this satellite cess. Forexample the decay of%lmaz stateto éPZ state cou-
[20] suggest that this peak should appe@reV closertothe  pled to the ejection of a 3d electron is energetically feasible.
lD2 than the plasmon peak. We measure the plasmon peak It is interesting to compare these KLL Auger of third
to be at 16 eV energy loss with the position of the satellite at row elements with the LMM Auger spectra as measured by
13 eV, the position of the satellite peak agrees well with that Kleiman et al. for the fourth row elements A82] and Sn
predicted by theory20]. [33]. In both the KLL and LMM experiments satellites are
observed. They are attributed to shake effects for the noble
metals Cu and Ag and to plasmon excitation for the semi-
4. Summary and conclusion conductors Ge and Sn. The energy separation of the satellites
is of comparable magnitude for Cu and Ag. Assuming two

High resolution electron excited KLL AES measurements Satellites for Cu (Model 1) we have a separation from the
and Ge. They present many of the same problems as AES ex2-9 €V for Ag.
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In conclusion it is possible to study KLL Auger spectra

excited by electrons at an experimental resolution (1 eV) that

is better than the intrinsic width of the Auger lines4eV).

Quantitative interpretation of the observed spectra, generally

M.R. Went, M. Vos / Journal of Electron Spectroscopy and Related Phenomena 148 (2005) 107-114

[10] T.Ishii, L. Kover, Z. Bekényi, |. Cserny, H. Ikeno, H. Adachi, W. Drube,
J. Electron Spectrosc. Relat. Phenom. 137-140 (2004) 451.

[11] M.H. Chen, B. Crasemann, Phys. R&8 (1973) 7.

[12] W.N. Asaad, E.H.S. Burhop, Proc. Phys. Soc. 71 (1958) 369.

[13] E. Sokolowoski, C. Nordling, Arkiv for Fysik 14 (1958) 557.

in good agreement with Auger spectra obtained by different [14] s. Tougaard, J. Kraaer, Phys. Rev. B 43 (1991) 1651.

excitation mechanisms, is surprisingly difficult due to signif-
icant influence of extrinsic and intrinsic excitation processes.
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