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New Dimensions in Depth Profiling
Many materials use multilayer thin films to achieve the
desired mechanical, optical or electrical characteristics of 
the final product.  X-ray Photoelectron Spectroscopy (XPS,
also known as ESCA, Electron Spectroscopy for Chemical
Analysis) can be used in a depth profile to provide quantita-
tive elemental as well as chemical state information; making
it an excellent method for the routine characterization of thin
film materials.  

Additional information may also be obtained from multilayer
thin films by applying Zalar Rotation™ during profiling
where the sample is rotated during sputtering to minimize 
surface roughness and reduce cone formation.  Thus, buried
interfaces can be exposed with no loss of interface resolution
as a function of depth. In addition, numerical analysis of the
data often reveals sample chemistry.  The combination of XPS
depth profiles, Zalar Rotation and numerical analysis is a
powerful method for the characterization of thin films, inter-
phases and interfaces.

Using the PHI Quantum 2000 Scanning ESCA Microprobe™,
thin film structures can easily be analyzed by traditional pro-
filing methods or by using Zalar rotational profiles.   The
compucentric stage of the PHI Quantum 2000 also provides a
means to perform multiple Zalar rotational profiles anywhere
within one centimeter of the center of the sample platen.

Figures 1a and b show a comparison of a non-Zalar profile
with a Zalar rotational profile of a multilayer thin film of
nickel, chromium, and chromium oxide.  The Zalar rotational

profile maintains excellent interface resolution throughout the
depth of the entire thin film structure.  Using the linear least-
squares (LLS) fitting functions of the MultiPak™ software,
the elemental profile of the multilayer structure can be easily
converted to a chemical state profile separating chromium
metal from chromium oxide in the same analysis window.
Linear least-squares fitting easily discriminates the line shape
change and binding energy shift between the chromium metal
and oxide chemical states.  The buried chromium oxide layer
is then displayed in the chemical state sputter depth profiles.

Another advantage that the PHI Quantum 2000 brings to XPS
analysis is the inherent ability of the scanning focused x-ray
technology to determine and examine small features on a
sample surface.  For example, the x-ray induced secondary
electron image, SXI™, shown in Figure 2 is of a test pattern
in a kerf of a semiconductor wafer.  The SXI generated by the
scanning focused photon beam clearly identifies the 100  µm
x 100 µm pads.  By defining the analysis using the SXI, XPS
survey data taken on and off of the pad show the pad to be
primarily titanium dioxide with small amounts of chromium
and nitrogen (Figure 3).  The surrounding area is SiO2.  XPS
images obtained around the pad using a 10 µm photon beam
clearly discern the titanium pads and the surrounding SiO2.
An analysis point on the pad was chosen for an XPS Zalar
rotational profile and shows that the pad is predominately tita-
nium nitride (Figure 4).  Numerical analysis of the data indi-
cates a metallic titanium layer between the titanium nitride
and the aluminum substrate which can be seen in the chemical
state depth profile of the pad.
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Non-Zalar (left) and Zalar (right) chemical state profiles of a multilayer thin film.



Conclusion
While XPS sputter depth profiling is a time honored method
of surface analysis, the PHI Quantum 2000 Scanning ESCA
Microprobe provides a new dimension to the technique.

Identification of small areas for analysis using the SXI or
XPS images and ease of Zalar rotational profiles of these
small areas provides a means for the routine analysis of 
complex materials.
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SXI of the pads was used to define the analysis areas.

Overlay of Ti (nitride), red and Si (oxide), green.

XPS image if Ti (nitride). XPS image of Si (oxide).

Zalar Rotation profile of a 100 µm bond pad.

Multiple area survey shows spectra from on the pad (black)
and off the pad (red).


