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Defect Replication

Use a mold to cast a reverse replica of defects (scratches, dents, etc.) on a material surface.

The mold can later be used for measurements of the defect and for documentation.

adventitious contamination layer

residual film + adventitious

micrroset

micrroset



Replicating compounds

What is the residual contamination and how much is left?

Microset 101RT Synthetic Rubber Replicating Compound
MSDS – siloxanes, silicones, glycol, silica, carbon, and 

complexed platinum - density 1.1 g/cm3

Coe-Flex Polysulfide Impression Material Type 2
MSDS - base – fillers TiO2,SiO2 - density 1.3-1.6 g/cm3

- catalyst – cupric hydroxide, TiO2, SiO2, chlorinated 
fatty acid ester



X-ray Photoelectron Spectroscopy (XPS)
UV Photoelectron Spectroscopy (UPS)
Auger Emission Spectroscopy (AES)

Time-of-Flight-Secondary Ion Mass Spectrometry 
(ToF-SIMS)

(All are equipped for imaging (elemental mapping) and 
depth profiling)

Scanning Probe Microscopy (AFM)
Profilometry

Scanning Kelvin probe

Electrochemistry
Spin coating

UV/Vis

Synchrotron-based techniques
Variable kinetic energy XPS

Near Edge X-Ray Absorption Fine Structure 
(NEXAFS)

Imaging NEXAFS

Surface Analysis Lab Capabilities

XPS/UPS – AES/ISS in situ capabilities
inert atmosphere sample transfer

thermal evaporation 
e-beam evaporation
thermal processing
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X-Ray Photoelectron Spectroscopy

BE = h - KE - spectrometer

measured

known

 Binding Energy (BE) relates to  elemental identification.

 Peak area relates to atomic abundance in near surface.

 Binding Energy (BE) shifts relate to  
local chemical environment.
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binding energy (BE))

emitted electron (has kinetic 
energy (KE))



X-Ray Photoelectron Spectroscopy

Analysis depth is 3x(IMFP)

h

Inelastic mean free path (IMFP or ): the average distance between inelastic collisions for an 
electron in a particular material

The IMFP is dependent on the initial kinetic energy of the electron and the nature of the medium.



Substrates and Experimental Methods



Example Spectra for 304 Stainless Steel



Example - 304 stainless steel

adventitious contamination layer residual film + adventitious remaining residual 
film + adventitious

Concentration of Substrate Species
Substrate elements attenuated by residual films.

Intensity increases after cleaning with isopropanol.

Concentration of Contaminant Species
Contaminant emission increases by residual films.
Intensity decreases after cleaning with isopropanol.

Microset leaves Si and C.
CoeFlex leaves C, Cu, and Cl.

cleaned residual film wiped with IPA



Example – Al 7075-T6

adventitious contamination layer residual film + adventitious remaining residual 
film + adventitious

cleaned residual film wiped with IPA

Concentration of Substrate Species
Substrate elements attenuated by residual films.

Intensity increases after cleaning with isopropanol.

Concentration of Contaminant Species
Contaminant emission increases by residual films.
Intensity decreases after cleaning with isopropanol.

Microset leaves Si and C.
CoeFlex leaves C, Cu, and Cl.



Estimation of the Residual Film Thicknesses

Thicknesses were also evaluated by 
ellipsometry for several samples, and 

showed similar results to those 
obtained by XPS.

Alodined aluminum are 
effectively chromium substrates 

(from an XPS perspective).



Conclusions

Microset application is simple, easy, and repeatable
…gun application with static mixers.

Coe-Flex cure depends on user
…ratio of base:catalyst
…mix time
…application

Microset leaves thin contaminant film containing Si and C.
Coe-Flex leaves thin contaminant film containing Cu and Cl.

Microset and Coe-Flex residual film thicknesses can be 
effectively reduced by wiping with isopropanol.

(Other solvents may be more effective.)

Use of Microset is being implemented. Residual film assumed to have a thickness of 2 nm 
and a density of 1.1 g/cm3
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Example Spectra for Aluminum Sample



roughness



ellipsometry



ConclusionsXPS characterizes core level electrons
- Chemical Analysis – Chemical Environment – Oxidation State – Electronic Environment -

Substrate

Al2O3 - gray

Contamination

Ni - red
Ca - blue

BE = h - KE - spectrometer

The inelastic mean free path 
(IMFP or ) of an emitted electron 

makes XPS a very surface 
sensitive technique.
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bound electron (has 
binding energy (BE))

emitted electron (has kinetic 
energy (KE))

Compositional Analysis
(identification and quantification)

Peak Fitting for Chemistry
(valence and chemical environment)

Chemical Imaging

XPS
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Monochromatic X-ray source

I.W. Drummond, Chapter 5, XPS: 
Instrumentation and Performance, Briggs 

and Grant, 2003.


