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Analysis of a Multi-Layer Paint Cross-Section

Introduction
The quantitative chemical analysis of multi-layer
organic thin films has been a difficult analytical 
task for manufacturers of materials such as petro-
chemical films, video tapes and paint systems.
Many of the layers in these materials are on the
order of 10 µm thick and are often filled with inor-
ganic particles that interfere with traditional micro-
focused optical spectroscopic techniques.  To
demonstrate how the Quantum 2000 Scanning
ESCA Microprobe™ configured with a Sample
Positioning Station meets these difficult analytical
needs, a multi-layer paint system consisting of an
adhesion promoter, base coat and clear coat was
applied to a polyethylene substrate and analyzed.
The base coat contained inorganic filler particles.
Of particular interest was the possible diffusion of
chlorine from the adhesion promoter into the top
two layers during curing.  The sample was cross-
sectioned with a clean razor blade at less than 10
degrees to increase the analyzed area for each layer.

Sample Positioning Station
The Sample Positioning Station (SPS), located 
outside the vacuum system, enables Quantum 
2000 users to locate areas of specific interest on 
a sample under an optical microscope with 350X
magnification.  Digital optical micrographs gener-
ated using the SPS can be transferred to the
Quantum 2000, where they are used to define
analysis areas.  These optical micrographs often
define features that cannot be observed in the 
X-ray induced secondary electron images (SXI™)
from the Quantum 2000.  Figure 1 shows an opti-

cal SPS micrograph of the multi-layer paint cross-
section and the location of the analysis area for the
XPS maps shown in figures 2 and 3.  The high
spatial resolution optical micrograph clearly shows
the four layers for analysis, while the SXI in figure
4 shows the limited ability of a secondary electron
image to distinguish the multiple organic layers,
due to their similar composition.  

XPS Mapping 
Using the Quantum 2000 with its focused, scan-
ning x-ray monochromator, it is possible to quickly
collect XPS maps of sample features as small as 
10 µm in width.  Figure 2 shows the elemental
maps of the major constituents for the four layers.
The chlorine is from the adhesion promoter and the
silicon is from the inorganic filler in the base coat.

Figure 1.  Optical micrograph of multi-layer paint
cross-section from the sample positioning station
(1072 x 820 µm).
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Chemical State Mapping
A unique feature of the Quantum 2000 is that a
complete spectrum of the element being mapped is
saved at each pixel, allowing post acquisition data
reduction.  Advanced data reduction algorithms
such as Linear Least Squares (LLS) fitting may be

applied to the entire XPS map to extract chemical
shift information and to create chemical state XPS
maps.  Figure 3 shows the spatial distribution of the
C peak shapes associated with C-H, C-Cl and O=C-O
that were extracted from the original elemental C
map using the LLS fitting routine in PHI MultiPak™.

Figure 2.  XPS maps of C, O, Cl and Si concentrations (695 x 320 µm).

Figure 3.  Chemical state maps extracted from the original C map using Linear Least Squares 
fitting (695 x 320 µm).
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Micro-Spectroscopy
In addition to obtaining elemental maps of the major constituents, 
a more detailed spectroscopic analysis can be performed on each
layer.  Survey spectra were acquired for each of the layers from
user defined rastered analysis areas.  These rastered analysis areas
can be defined using the SPS optical micrograph or using an SXI
image (figure 4).  Because the SXI and the SPS images are digitally
encoded and registered to the computer-controlled scanning X-ray
source, multiple analysis areas can be quickly created with simple
click-and-drag mouse operations on the computer screen.  

The Quantum 2000 uses a new high point source transmission lens
that is coupled to PHI’s proven Spherical Capacitor Analyzer and a
unique scanning X-ray monochromator, to provide excellent energy
resolution and high count rates with X-ray probe sizes from 10µm
to 100µm.  When the X-ray probe moves in the dispersion direc-
tion of the X-ray monochromator to reach an analysis point or to
raster an area, the Quantum’s dynamic dispersion compensation
circuitry automatically maintains high energy resolution over the
entire field of view.  Figure 5 shows the full survey spectra and fig-
ure 6 shows the high resolution carbon spectra from the selected
areas shown in figure 4.

Figure 5.  Survey spectra from the four layers.

Figure 4.  SXI of paint cross-sec-
tion with selected analysis areas
(800 x 500 µm).
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Quantitative Analysis 
From the survey spectra shown in figure 5,
atomic concentration data were obtained for
each of the four layers with the use of elemen-
tal sensitivity factors and transmission func-
tion correction algorithms.  This information,
shown in Table I, indicates that some of the
chlorine from the adhesion layer may have

Atomic Concentration (%)

Analysis Area C O N Cl Si Al

Substrate 100.0 — — — — —
Adhesion Layer 90.0 — — 10.0 — —
Base Coat 72.0 16.4 3.5 3.3 2.6 2.2
Clear Coat 70.6 22.2 7.2 — — —

moved to the base coat during heat curing.  

To further explore the possible diffusion of 
Cl into the base coat, a line scan was taken
across the four layers for each of the detected
elements (figure 7).  The line scan clearly
indicates the diffusion of chlorine into the
base coat region. 

Figure 6.  High resolution C 1s spectra from the four layers.
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Summary
The PHI Quantum 2000 provided a complete
analysis of a complex multi-layer paint struc-
ture including:
• Location of the analysis areas with the

Sample Positioning Station.
• The unique spectroscopic identification of

each layer.
• Accurate quantitative analysis of each

layer.

• Rapid XPS maps and line scans obtained
using a focused X-ray monochromator.

• Extraction of three chemical state maps
from the C 1s map data using PHI
MultiPak.

• The observation of a Cl diffusion zone in
the line scan data.

Author
John F. Moulder, Physical Electronics, Inc.

Figure 7.  Line scan showing diffusion of Cl into surrounding layers.
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PHI Support Centers

U.S./Canada: Physical Electronics, Inc.
6509 Flying Cloud Drive, Eden Prairie, MN 55344 
612-828-6100  FAX: 612-828-6322  e-mail: marketing@phi.com

Europe: Physical Electronics GmbH
Fraunhoferstrasse 4, 85737 Ismaning, Germany  
49-89-96275-0  FAX: 49-89-96275-50  e-mail: eurosales@phi.com

Japan: ULVAC-PHI, Inc.
370 Enzo, Chigasaki City, Kanagawa Prefecture, 253-0084, Japan  
81-467-856522  FAX: 81-467-854411

To request more information about the Quantum 2000 Scanning ESCA Microprobe, please contact the
PHI office nearest you or look us up on the Internet at http://www.phi.com.


