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The Auger process and XRF are competitive processes for the liberation of energy from bombarded
atoms. In practice, 1t 1S found that the Auger process is more likely to occur with low atomic number
elements; this probability decreases with increasing atomic number. In contrast, XRF is unlikely with
elements of low atomic number but increases in probability with increasing atomic number. This is
Jlustrated in Figure 14.22. The energies involved in Auger spectroscopy are similar in all respects to

those of XPS, since the same atomic shells are involved. A graphical plot of Auger electron energies

is shown in Figure 14.23, and tabulated values of the prominent lines are available in the literature.
hat can detect elements from lithium to ura-

AES is an elemental surface analysis technique t
nium with a sensitivity of about 0.5 atom%. Auger spectra consist of a few peaks for each element in
the same energy region, 0-1000 eV, as XPS peaks. Auger peaks are less intense than XPS peaks as

seen in Figures 14.9 and 14.12. Therefore, Auger spectra are generally plotted as the first derivative
of the signal, dN(E)/dE, vs. the Auger electron energy (Figure 14.24). The use of the first derivative
tice to enhance small signals and to minimize the high and sloping
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jgure 14.28 Field_ emitter of_single-crystal tungsten is shown i : o _ )
Fig up view of the tip. (From Stinger, K., Res. Dev., 2(8a()9;3,n4g? 13557‘).?"[”9 Miashdaiades

A field emission source uses a needle-like tungsten or carbon tip as the cathode, shown in
Figure 14.28. The tip is only nanometers wide, resulting in a very high electric field at the tip.
Electrons can tunnel out of the tip with no input of thermal energy, resulting in an extremely narrow
beam of electrons. Electron beams from heated filaments have a focal (crossover) diameter of about
50 pm, while a field emission source has a crossover diameter of only about 10 nm. Field emission
sources can serve as probes of surfaces at the nanometer scale (an Auger nanoprobe).

14.2.2.2 Applications of AES

AES is primarily a surface elemental analysis technique. It is used to identify the elemental
composition of solid surfaces and can be used to quantify surface components, although quantita-
tive analysis is not straightforward. AES is a true surface analysis technique, because the low-
energy Auger electrons can only escape from the first few (three to five) atomic layers or from
depths of 0.2 to 2.0 nm.

The electron beam can be deflected in a line across the surface of a sample to analyze multiple
points or it can be rastered (moved in two dimensions) to produce a compositional map of the surface.
Very small spot size and large magnifications (up to 20,000x%) enable AES to study extremely small
particles and intricate structures such as those used in microelectronics. Depth profiling with ion beam
Sputtering of the surface permits the analysis of layers and the identification of components in the
grain boundaries of crystalline materials. The use of AES to study segregation of impurities in the grain
boundaries of metals and alloys has played a pivotal role in understanding embrittlement of steels, cor-
fosion and stress corrosion cracking of alloys, and the behavior of ductile tungsten used in light bulb
filamens, Very often, sulfur, phosphorous, or carbon impurities in the grain boundaries of metals and
alloys are the sites at which corrosion, cracking, and failure of the alloy are initiated. Alternatively,
IMpurities in the grain boundaries may have a beneficial effect. Potassium in the grain boundaries of
ductile tungsten acts as a lubricant, allowing the tungsten wire filament to expand and contract when
alight bulb s switched on and off without breaking along the grain boundaries.

Some application examples are presented. Figure 14.29 shows the Auger spectrum of staipless
Steel before and after heating at 750°C for 10 min. It can be seen that the major components, iron,
Nickel, and chromium, are unchanged by the heating. However, the carbon that was on the surface
of the Stainless steel t;efore heating disappeared after heating. This surface carbon could be frpm
faces of lubricating oil or cutting fluid, for example. Sulfur is present on the surface after heating
-1 the Phosphorus signal has increased. This may be due to diffusion from the bulk stainless steel
?the surface during heating. _ . B

.he electron beam can scan a surface area systematically in what is called a rager scan. y
sit?ll:t:) ring the intensity of the Auger spectrum of a particular element during ;c?n;?emii'slltul)fvgoisr;
Figy © Map its distribution on the surface examined. An example of th!S' techniq i st

¢ 14.30, which reveals the concentrations and location of sulfur and nickel on a spe
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Figure 14.31 Auger element maps of an integrated circuit, showing the distribution of oxygen, goid, and

molybdenum on the surface. (Courtesy of Physical Electronics, Inc., Eden Prairie, MN, www.
phi.com.)

surface. In another example, Figure 14.31 shows the distribution of molybdenum, gold, and oxygen
on an integrated circuit. Using this technique, it is possible to map the distributions of these three
elements and their positions relative to the circuit. The use of a scanning mode and small spot size
is called scanning Auger microscopy (or scanning Auger microprobe), known by the initials SAM.

14.2.2.2.1 Depth Profiling

As can be done with XPS. another valuable application of AES has been developed by using an
ion beam 1o progressively strip off the surface of a sample under controlled conditipns from a sample.
Spectra can be collected and the distribution of elements recorded as surface material is removed. The
sults show changes in distribution of different elements with depth, called a depth profile. ‘

A schematic diagram of a sample undergoing depth profiling is shown in Figure 14_1.32. The ion

“M sputters the surface and etches a crater into the material, while the electron beam is used as the
7ee for AES. Figure 14.33 shows the results of such a depth profile investigation of Nichrome film
*Masilicon substrate. It can be seen from the plot that the Nichrome film fmd its outer oxide layer are
Ut 150-175 A thick. That can be deduced from the appearance of the Si substrate after about 175 A
Material has been sputtered off. It is also evident that the chromium at thf: outer surface has formed
"_\ OXide layer about 75 A thick. Chromium readily forms a protective oxide layer wl:len expost to
;lr' The oxygen signal decreases after the oxide layer has been sputtered off, revealing the Ni and
ur — itself. Information about surface oxide layers, layer lhickness.. and compf)smon is Cl.'ltlcal to

ing corrosion chemistry, surface reactions, material behavior, and dew;:e fi‘]t::‘;c:':ho:'ve
example of depth profiling is shown in Figure 14.34; AES clearly s *¥

Ilh:al'nlttd region containin g Cl at a depth of about 1100 A from the surface of the material.
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