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Probing Architectural Glass Coatings 

To meet consumer demands for energy conservation, 
appearance, and durability, windows in homes and commercial
buildings are coated with complex multi-layer thin film
structures.  As a manufacturing process is developed for the
deposition of a model thin film structure, there is a need for an
analytical tool to verify that the thin film structure is being
deposited as intended.  Once a process is developed, there is
a need to defend patents by examining competitors products
and to troubleshoot manufacturing problems and failures.  PHI’s
Quantum 2000 Scanning ESCA Microprobe™ is ideally suited for
this type of analysis.  X-ray Photoelectron Spectroscopy (XPS)
also known as ESCA (Electron Spectroscopy for Chemical
Analysis), is a surface analysis technique that can routinely
probe the chemical composition of thin film layers on thick
insulating materials such as architectural glass.  This is 
accomplished by analyzing the outermost atomic layers and
then removing the analyzed layers with a sputter ion gun and
analyzing the newly exposed surface.  This process is repeated
until the entire thin film structure has been analyzed.   A depth 
profile of an architectural glass coating is shown in figure 1.  

The Quantum 2000 is a highly automated instrument that has a turnkey charge compensation system for
insulator analysis and a sputter ion gun that has been optimized for depth profiling.  The sputter ion gun has 
a bend in the ion column to remove neutral ions that distort the shape of a sputter crater and broaden the 
width of detected interfaces.  The ion gun has also been optimized for higher etch rates, particularly at low 

Figure 1.  ESCA sputter depth profile of a multilayer thin film structure on architectural
glass.
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accelerating voltages that can be used to improve
depth resolution in a sputter depth profile.  The
Quantum’s sample stage facilitates compucentric
Zalar rotation, which rotates the sample about the
analysis point during sputter etching, minimizing
the roughening effects caused by sputtering at a
fixed ion beam angle, and enhancing depth 
resolution.1-2 A montage plot of the Si 2p spectra
collected during the depth profile is shown in 
figure 2.  The effectiveness of the Quantum’s
charge compensation system is visible in the data.
Within each of the Si containing layers the binding
energy is constant and it was possible to detect
the chemical shift from Al doped SiO2 to the
silicate glass substrate.

Figure 3.  Ti spectra extracted from the depth profile
data using the LLS fitting routine.

Figure2.  A montage plot of the Si 2p spectra, showing
chemical shift information and stable charge compensation
throughout the sputter depth profile.

Figure 4.  Ti chemical state depth profiles generated
using the LLS fitting routine.

The Quantum’s data reduction package has several easy-to-use advanced data reduction algorithms to extract
chemical information from the depth profile data.  These algorithms include linear least squares fitting (LLS), 
target factor analysis (TFA), and traditional curve-fitting.3-6 Ti spectra from the TiO2 and TiN layers were 
extracted from the sputter depth profile and are shown in figure 3.  The extracted spectra were then fit to the 
Ti data set using the LLS algorithm to generate  the chemical depth profiles for TiO2 and TiNx shown in figure 4.

The LLS results indicate that the outermost titanium layer is a mixture of TiO2 and TiNx while the second deeper
titanium layer is primarily TiNx.  In addition, a thin layer of TiO2 is observed at the interface between the deeper 
titanium layer and the glass substrate.  This type of detailed chemical analysis of thin film structures is easily
performed with the Quantum 2000 Scanning ESCA Microprobe and provides valuable information for developing
and monitoring a thin film deposition process. 
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