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This paper describes an investigation of the inelastic mean free path ( IMFP) correction
for the quantitative Auger and X-ray photoelectron analysis of the three kinds of Au-Cu

alloys. The author have compared two sets of the ratios of IMFPs; (AAy)ops oObtained
from the measured intensity ratios K and (AMAgg),; calculated from the TPP-2 equation.
The IMFP ratios of (A/Astd)qps for Au coincide well with those of (A/Agg)e. However,

the curve of the ratios of (MAggqs for copper does not show the same tendency of that
obtained with TPP-2. This results might suggest the existence of the ion-induced
surface segregation of Au-Cu alloys. The author also have calculated absolute surface
Au and Cu concentration applying density correction, backscattering correction, and
IMFP correction to the measured intensity ratios. The plots of obtained surface
concentration of Au versus IMFP does not show a straighit line. This results also
suggests the existence of the ion-radiation-induced surface segregation of the samples.

Introduction

Auger electron spectroscopy (AES) and X-ray
photoelectron spectroscopy (XPS) are widely
used for surface analysis or in-depth analysis
of various materials, such as those used in
electronics applications, metals, etc. As for
the quantitative analysis of surface
composition of solids by AES and XPS, there
are still problems to be solved. One of the
main factors which have to be investigated for
accurate quantitative analysis is the matrix
effect, i.e. the non-linear dependence of the
intensity of an element's AES or XPS signal
on its concentration in the matrix. The matrix
correction includes terms for the atomic
density (n), electron escape depth (1), and
electron backscattering (R).

Quantitative AES and XPS require the
knowledge of the AL (attenuation length)
dependence on material at given energy.
Unfortunately , the AL data now available are
not sufficient for quantitative analysis and,
more importantly, the available data are either
of uncertain or inadequate accuracy. In the
actual quantitative correction, therefore, the
electron inelastic mean free path (IMFP) is
usually taken into account with A term. In this
case, the elastic scattering effect should be
applied to it.

The electron escape depth correction
including the elastic scattering effect can be
described as 1

A=Y Ain cos©=AL cos (1)

where 7y is the elastic scattering factor, i,
the electron inelastic mean free path and 6 the
detection angle. On Au-Cu alloys, Shimizu

et al. found yequals 5 / 6 for all alloys

investigated , and pure gold and copper!).
Then, in the actual quantitative calculation ,we

could eliminate the 7y factor in the quantitative
AES and XPS calculations. In this report,
therefore, the IMFP correction for AES and
XPS were investigated using three kinds of
Au-Cu alloys.

Experimental

Three kinds of alloys (Au 73.2 at.%-Cu 26.8
at%, Au 50.2 at.%-Cu 49.8at%,Au 24.7
at.%-Cu 75.3at%) were prepared as the
sample to be analyzed. Pure gold and pure
copper were also prepared as standards.

The AES and XPS measurements were
made on 18 institutes belonging to the
Japanese VAMAS-SCA working group. The
measurement conditions were as follows ; for
AES, primary beam energy was 5 keV, beam
current about lyA, spectrum mode dN/dE,
measurement Auger lines of Au 239 eV, Au
2024 eV, Cu 920 eV. The other details were
reported elsewhere?. For XPS, X-ray source
was Al Ka , analyzer resolution AE = 0.5 eV,
and the used peak was Au 4f (KE : 1400 eV)
for gold and Cu 2p3/2 ( KE : 553 eV) for
copper. The details were already reported 3).



Before measurements, the surface was
cleaned with Ar ions, the energy of which
was 1keV for AES and 2keV for XPS.

Calculation method of intensity ratio

Assuming a homogeneous alloys constituting
of N elements. The Auger peak intensity of
the element i in the alloy specimen of
unknown composition can be expressed as

lEnnk - C?nk nunk R?"k }\‘?“kka 1, (2)

where &, is an analyzing constant assumed to
be independent of composition but specific to
one particular transition and instrument ,C the
surface concentration, I the measured intensity
and /, is the probe current. Similarly, the
Auger peak intensity of the standard specimen
of pure element i can be expressed as

=R L, ()

Let the intensity ration of unknown to
standard be K;' for the element i
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Then, from Equations (2) and (3), an
intensity ratio will be given in terms of
concentration, atomic density, electron
backscattering factor and IMFP as
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By analogy with Eq.(4), we define K; in
terms of corresponding observed intensity
ratio for the unknown and standard.
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For XPS , the K’ value could be obtained by
neglecting R-factor form above equations.

Results and Discussion

The measured intensity ratios K ( = Iyox/ Igd )
for Au-Cu alloys are shown in Table 1(AES)
and 2 (XPS). The measured data also have
been plotted in Fig.l as C/K vs bulk
concentration of Au; C is the bulk
concentration and K the measured intensity

ratio.

Table 1. Averaged K values for Au-Cu alloys
measured by 18 institute with AES.

peak Specimen  K-value standard dev.

Au-23%V  Au73-Cu25  0.774 0.061
Au50-Cu50  0.391 0.053
Au25-Cu75 0344 0.044

Au-202deV Au75-Cu25 = 0.801 0.084
AusS0-Cus0  0.619 0.070
Au25-Cu75  0.362 0.067

Cu-920eV  Au75-Cu25  0.229 0.029
Au50-Cus0  0.440 0.062
Au25-Cu75  0.675 0.086

Table 2. Averaged K values for Au-Cu alloys
measured by 18 institute with XPS.

peak Specimen  K-value standard dev.
Au 4f Au75-Cu2s 0.830 0.048
Au50-Cus0 0.627 0.041
Au25-Cu75 0.383 0.028
Cu 2P3/2 Au75-Cu25 0.224 0.020
Au50-Cu30 0.418 0.036
Au25-Cu73 0.668 0.054
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Fig.1. Plots of K/C versus bulk concentration.

K : observed intensity ratio(=Iunk/[std)
C : bulk concentration

In this figure we could find the magnitudes of
the correction factors needed for quantitative
AES and XPS analyses in Au-Cu alloy
systems. The correction factors for Au are
larger than those for Cu. Then, if the



quantitative analysis is carried out in order to
obtain the normalized concentration, which
are commonly used , the correction factor for
Au determine the validity of IMFP correction
for the quantitative analysis of Au-Cu alloy
system. Then it is very important to
determine absolute surface concentration of
Au and Cu separately without normalizing
their concentrations.

IMFP ratios

The IMFP ratio A i/ A id for AES can be
obtained by the following equations derived
from Egs.(5) and (6).
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To calculate IMFP ratio from the observed
intensity ratio K with Eq.(7) or (8) , the
values of n and R for AES or n for XPS must
be given. For n, we have assumed that it is
given by a summation of the products of
atomic concentration and atomic density in the
pure state for each elements as

N
nunk = Z C n§td
i=1 (9)

For R, Ichimura-Shimizu-Langeron (ISL)
equation 4 was used , and we define the mean
atomic number of the alloy as

N
Zn=Y, CZ
=1 (10)

The obtained IMFP ratios A/Agg from the
observed intensity ratios with Egs. (7) and (8)
were shown in Fig. 2. The calculated results
with TPP-2 equation®) were also shown in
Fig. 3. Figure 3 showed that all calculated
IMFP ratios decreased according to increasing
the bulk Au concentration. In Fig. 2, the
ratio of MAay.qq Showed the similar tendency
to that of Fig. 3. However, the IMFP ratio
of Micu-sig showed the opposite tendency
compared to the calculated results of TTP-2
as shown in Fig. 3. Figure 2 shows that the
IMFP value of alloys are A Au25% > A AuS0%>A
Au75% at energies 239, 1400 and 2024 eV,
and A Au25% < X Au50%<X Au75% at 553 and

920 eV. This results may suggest A Au <X
Cu at 239, 1400, and 2024 eV and A Au> A Cu
at 553 and 920 eV. If this is true, the MAcu.
sid ratios are larger than 1.0 at 553 and 920
eV. However, the ratios of MAcu-sid except
Au75% at 553 eV is smaller than 1.0.

The observed Auger and photoelectron
peaks have the different analyzing depth.
Therefore, if the concentration of Au along
depth is not constant, we could understand the
difference between Fig.2 and 3.

Then, Fig.2 might suggest the existence of
the ion-induced surface segregation of Au-Cu
alloy®”),
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Fig.2 The IMFP ratios (AaAb%)es and (AZAL) s

versus bulk concentration of Au and Cu.
The IMFP ratios were obtained the following equation and
observed intensity ratios.
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Fig3 The IMFP ratios (Aa/Ane)ea and (AANAE) ca

versus bulk concentration of Au and Cu.
The IMFP rations were obtained with TPP-2 equation.

Quantitative Results
The surface concentrations of Au and Cu in



Au-Cu alloys were calculated using the
following equations obtained from the

equations of (5) and (6).
For AES
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G = KB R A (10)
For XPS
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Fig.4" The obtained surface concentration of Au versus
bulk concentration of Au.

R : Ichimura-Shimizu-Langeron equation for AES

A :TPP-2 for AES and XPS
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Fig.5 The obtained surface Cu concentration versus
bulk concentration of Cu.

R : Ichimura-Shimizu-Langeron equation for AES

A :TPP-2 for AES and XPS

The resulting surface concentrations of Au
and Cu were shown in Fig.4 and 3,
respectively. In Fig. 4, the obtained surface
concentration of Au are in good agreement
with the bulk concentration of Au. However,

Fig. 5 shows the surface concentration of Cu
are larger than the bulk concentration clearly.
In order to clarify the meanings of these
figures, we have plotted the obtained
concentrations of Au and Cu versus inelastic
mean free path corresponding to the energy
for the used peaks on three kinds of Au-Cu
alloys separately. The results are shown in
Figs. 6,7, and §.

In these figures, the open marks were the
rest of another element concentration, which
were calculated from Cpy= 1.0 - Coyor Ceoy =
1.0 - Ca,. The dashed lines indicate the bulk
concentration of Au or Cu. Since the
horizontal line is expressed by the inelastic
mean free path in these figures, we should
note the resulting concentration does not show
the depth concentration profile.
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Fig.6 Plots of calculated surface concentration of Au and
Cu in Au25-Cu75 alloy versus inelastic mean free path.
The open circles in the figure were calculated from
Cau=1-Coyor Ccy = 1-Cay.
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Fig.7 Plots of calculated surface concentration of Au and
Cu in Au50-Cu50 alloy versus inelastic mean free path;
see caption to Fig.6.



Au75 - Cu25 alloy
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Fig.8 Plots of calculated surface concentration of Au and
Cu in Au75-Cu25 alloy versus inelastic mean free path ;
sce caption to Fig.6.

The plots of obtained Au and Cu
concentrations does not show the straight line;
every line for Au have a dip. Therefore, the
Au concentration profiles versus depth does
not the constant, and we could conclude the
Au concentration at the surface is larger than
that of bulk concentration and its
concentration at 2nd or more deep layers are
smaller than that of bulk concentraion form
above figures. Then, we conclude that the
dip for observed concentration versus
inelastic mean free path is a evidence of the
ion-induce surface segregation. The ion-
induced surface segregation for Au-Cu alloys
have not been found with XPS and AES®
although Shimizu et al.” and Li et al.® found
it by ISS analysis and Auger analyses of Au-
Cu thin films at the low temperature,
respectively.  Now, we can observe this
phenomena directly with XPS and AES
analysis by means of determining the surface
concentration of Au and Cu separately
because each observed peak has the different
information depth on the alloy.
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