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Introduction
Thin film structures are used in many applications
ranging from anti-reflective optical coatings to
microelectronics.  Characterization of thin films
for composition, chemistry and contaminates can
be accomplished using a variety of surface analy-
sis techniques such as X-ray Photoelectron Spec-
troscopy (XPS)1, Auger Electron Spectroscopy
(AES)2, Secondary Ion Mass Spectrometry
(SIMS)3 or Time-of-Flight SIMS (TOF-SIMS)4.
The choice of technique often depends on the
desired analysis area and the specific information
required.  The surface sensitivity of XPS makes it
an excellent analytical technique for thin film
analysis.  The advantages of XPS are the straight-
forward elemental quantification and determina-
tion of surface chemistry.  However, XPS general-
ly provides less spatial resolution than the other
three techniques and has less sensitivity than
either of the two ion beam techniques.

Analysis of thin films by sputter depth profiling
often requires high depth resolution of interfaces
for detecting contaminates at buried interfaces of
multilayer thin film structures.  This can be
achieved by using Zalar Rotation™ where the
sample is rotated during ion milling to decrease
sputter induced surface roughness which broadens
the measured interface.5

XPS sputter depth profiling is the technique of
choice for large, uniform samples or patterned
samples with analysis areas as small as 10 µm.

Using the PHI Quantum 2000 Scanning ESCA
Microprobe™, it is possible to use the scanning
photon source to examine large areas of a sample
or to focus the photon beam to examine areas as
small as 10 µm in diameter.6 The compucentric
stage also allows mounting multiple samples for
unattended depth profiling analysis with Zalar
Rotation.

Experimental
In this example, the multilayer thin film sample
was described as a W/TiN/Ti/Si structure with 
an approximate film thickness of 100 nm of W
on 70 nm of TiN on 30 nm of Ti on a silicon
wafer. The question for the analysis was whether
W had diffused into the TiN layer after high 
temperature processing.  The non-rotational 
profile (Figure 1) cannot directly answer the 
question due to the poor interface resolution, but
the data is suggestive that the structure is in fact
W/TiN/Ti/Si.

Using Zalar Rotation each interface observed 
in the XPS profile is more clearly resolved 
(Figure 2).  While the initial interpretation of the
data would suggest that the W does indeed diffuse
into the TiN layer, further analysis of the profile
by linear least squares (LLS) fitting provides a
method to enhance the interpretation of the profile
by extracting chemical as well as elemental infor-
mation.7 Examination of the W acquisition win-
dow reveals the overlap of the W 4f and the Ti 3s
transitions (Figure 3a).  The W 4f transition is pre-



ferred for detailing different chemical states due to
its high photoelectron cross section and narrow
line width.  To separate the overlap, W 4f spectra
from the first several cycles in the pure tungsten
layer were added together to form a basis spectrum
for LLS fitting of the tungsten spectra in the entire
depth profile.  After the LLS fit, the W/TiN inter-
face is seen to be fairly abrupt with no tungsten
diffusion (Figure 3b).  The tungsten diffusion
noted in Figure 2 is, therefore, an artifact of the
titanium 3s overlap.  By selecting Ti 2p basis spec-
tra from regions of high nitrogen intensity and
regions of high titanium intensity, the chemical
states of titanium nitride and titanium metal can be
separated (Figure 4a) and a chemical state depth
profile of titanium (Figure 4b) can be obtained by

LLS fitting.  By combining the intensity data for
silicon and nitrogen with the chemical state pro-
files for titanium and tungsten, a complete XPS
chemical analysis of the multilayer film can be
seen (Figure 5).  The nitrogen intensity in the
underlying titanium film is probably a result of
nitrogen diffusion into the titanium metal but it is
not a stoichiometric form of titanium nitride. 

Conclusions
Using XPS and Zalar Rotation sputter depth pro-
filing, the W/TiN/Ti/Si multilayer film sample
was characterized.  The linear least squares (LLS)
fitting clearly shows that the W does not diffuse
into the TiN layer, and reveals diffusion of some
nitrogen into the pure titanium metal layer.
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Peak area data of the non-rotational depth profile
of the W/TiN/Ti/Si multilayer structure.

Peak area data of the compucentric Zalar Rotation
depth profile of the W/TiN/Ti/Si multilayer film.
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Chemical state shift of Ti nitride and Ti metal.

Profile of Ti from the application of LLS fitting.
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Overlapping of the W 4f and the Ti 3s peaks is
shown in the energy window.

Linear least squares (LLS) fitting separates the
overlapping peaks and shows no diffusion of the
tungsten into the titanium nitride.
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Application of Zalar Rotation depth profile and
LLS fitting separates the chemical states of the
multilayer structure.


