MASE 6402, ME5401
December 10th, 2007
Final Examination – XPS and AES section (M. Castro-Colin)
Name ________________________________, ID _______________
NOTE: Read the problem carefully and explain with detail the procedure
followed. Please DO NOT write your answers on these papers. 10 points
removed if units are lacking
1. Given the AES survey in Fig. 1, indicate the surface composition (i.e, the
concentrations) using a method discussed in class.

Figure 1. AES survey of sample of interest. Numbers 1 to 4 refer to the peaks that are of interest in
elemental identification.

Below you will find a three tables (table 1-3) with Auger electron peaks. Use
it to find a solution to this problem. The columns indicate the energy,
element and sensitivity, respectively. An additional table is included (table 4)

Table 1. The table includes the energies, symbols and sensitivity, in the respective columns.

Table 2. . The table includes the energies, symbols and sensitivity, in the respective columns.

Table 3. . The table includes the energies, symbols and sensitivity, in the respective columns.

Table 5. Derivative of Auger electron energies of the elements.

Table 4. Derivative of Auger electron energies of the elements.

SOLUTION.
The energies of the peaks numbered are (25 points; for proper
identification of the energies):
1. Ek = 511 eV
2. Ek = 420 eV
3. Ek = 385 eV
4. Ek = 271 eV
To estimate the concentrations using the simplest method we can use the
expression (10 points; for indicating the expression used):
IX
SX
CX =
∑i I i S i
where Ix = peak-to-peak intensity, Sx = sensitivity, and Cx = atomic
concentration (10 points; for identification of variables).
Using a ruler the peak intensities can be measured; other options could also
be suitable: (20 points; for correct numerical answer)
Name
I[mm]
atomic percentage concentration
C KLL
17
23.25%
Ti LMM
28
22
36.26% (added contribution)
O KLL
508 eV
40.48%

17
CC =

0.281 = 0.2325
260.178

28
+ 22
1
.
103
0.319 = 0.3626
CTi =
260.178
CO =

83 / 0.788
= 0.4048
260.178

The student should indicate clearly how each atomic percentage was
calculated (30 points; for procedure).

5 points if the answer is reasonably well organized.
2. Assume that copper film is grown on palladium substrate. It is observed
that the substrate XPS peak (BE = 335 eV) yields a signal attenuated by
40% as the film grows. The radiation used is Al-K-alpha (hν = 1486.6 eV).
The work function of copper is φ = 5 eV.
Make an estimation of the copper thickness film by using the expressions
indicated below.
For the inelastic mean free path (IMFP) we have the next empirical formula:

λ[nm] =

538a
+ 0.41a 3 / 2 E k1 / 2 ,
Ek

where, a = mean atomic diameter [nm], Ek = kinetic energy of the electron
[eV].
You will also need to recall Beer-Lambert law of attenuation:

I =I 0 e − d / λ
Where I = attenuated intensity, I0 = original intensity, d = thickness and λ =
IMFP.
In class we discussed how to calculate the mean atomic diameter, for which
you will need to know the density of copper = 8.93 g/cm3, the molar mass of
copper = 63.54 g/mol.
SOLUTION.
First we calculate the mean atomic diameter (20 points):



A
a=

1000ρN A 
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63.54 g / mol
=
3
3
23
−1 
1000(8.93 × 10 kg / m )(6.02 × 10 mol ) 

where ρ = density [kg/m3], A = molar mass [g/mol], and NA = Avogadro’s
number = 6.02x1023 mol-1.
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= 2.27 × 10 −10 m

The kinetic energy is (20 points):

Ek = hν − E BE − φ = 1486.6eV − 335eV − 5eV = 1146.6eV
Substituting the two previous results in the expression for IMFP(60 points):

λ[nm] =

538a
538(0.227nm)
+ 0.41a 3 / 2 Ek1 / 2 =
+ 0.41(0.227nm) 3 / 2 (1146.6eV )1 / 2
Ek
1146.6eV

= 1.608nm
From the Beer-Lambert equation after an algebraic manipulation (10 points):

 I 
d = −λLn  = −(1.608nm) Ln(0.4) = 1.47nm
 I0 
Thus the thickness of the film is 1.47nm

