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Forces In Particle Adhesion
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Adhesion Forces Considered
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Current Adhesion Models
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Importance of More Realistic Models
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Importance of More Realistic Models II
Relative Contribution of Each Force
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Experimental Approach Overview

Identify key properties that control 
adhesion and quantify their effects
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Experimental Measurements
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van der Waals Adhesion Model
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Determination of  Hamaker Constants, A123

� Further validation of the vdW adhesion model 
� An intrinsic measure of the forces important in thin film adhesion  

van der Waals Model:
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Hamaker Constants 
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� Good agreement for surfaces with small asperities:  Ag, Cu, SiO2
� Poorer agreement for surfaces with large asperities:  Parylene, PTFE, TiN

(Roughness generated with hemispherical asperities)
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Surface Roughness Models
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Limitations of vdW Model
Hemispherical Asperity Surface Roughness

Measured parameters (constraints)
! Heights of asperities, h
! Standard deviation of asperity height 
! Fractional surface coverage by the 

asperities 

AFM scan of actual Cu surface Hemispherical asperities model of Cu surface

h

Horizontal Cross Section

A

Hemispherical asperities placed on surface until constraints are
met

100 nm
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100 nm
100 nm

10 nm 10 nm
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Predictions made with 
Roughness Model
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Hemispherical Asperity Model
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Model Surfaces Generated with Fractals
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Model Surfaces Generated with Fourier Transform
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Improvement in vdW Model Hamaker Constants with 
New Surface Roughness Models
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Limitations on Hemispherical Asperity Model
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� Fractional coverage must be less than 70 percent
� Asperity Height must be less than 10 nm
� Larger fractional coverages and asperity heights result in poor predictions

To use Hemispherical Asperity Model
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Electrostatic Interactions
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Electrostatic Adhesion Model
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Calculation of Electrostatic Forces in Adhesion Model
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Surface Potentials
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Particle Geometry
SEM Characterization

Photomodeler® Pro 
Reconstruction
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PSL Interactions with SiO2
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! Electrostatic interactions do not have a significant effect at different pHs
! Large contact area between sphere and wafer dominated by vdW
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PSL Interactions with SiO2
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! Electrostatic interactions do not have a significant effect at different ionic strengths
! Large contact area between sphere and wafer dominated by vdW
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Alumina Interactions with SiO2
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! Electrostatic interactions do affect the adhesion force, which varies with pH
! Large area between particle and wafer out of contact
! Small contact area
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Alumina Interactions with SiO2
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! Small contact area
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Conclusions
Hamaker Constants

� Measured Hamaker constants for: 
- SiO2, Cu, Ag, TiN, PTFE, and Parylene, 

� Method of measuring Hamaker constants for new materials
� Further validation of vdW adhesion model 
� Limitations of surface roughness models

Surface Roughness Models
� Examined effects of model surface generated with fractals, Fourier transforms and 

hemispherical asperities
� Hemispherical asperity models

- Parameters cannot vary with AFM scan size
- Accurate for surfaces with small roughness

� Fractal surfaces
- Difficult to generate and cannot be generated for all surfaces

� Surfaces generated with Fourier transforms
- Accurate for all surfaces

� Validation of roughness models through comparisons with AFM measurements

Electrostatic Double Layer Interactions
� Small for particles with ideal geometry, vdW dominate
� Contribute to adhesion force for asymmetrical particles
� Modeled with boundary element method
� Validated model through comparison with AFM measurements
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Future Work
Theory

� Particle geometry characterization
� Examine electrostatic interactions for the particle not in contact
� Cohesive failure of the particle or surface
� Investigation of other forces

- Isolate force with adhesion model

Applied 
� Tailor systems to control adhesion force

- Strengthen adhesion force when desired
- Weaken adhesion force when particles must be cleaned from surface

� Use model to examine other systems of interest in other industries
� Combine all interactions and removal model in software package
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