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Rationale

* Mask cleaning processes can be more
quickly optimized if the magnitude of
particle-mask adhesion forces known

* Mask layers and contaminants offering
most difficult cleaning challenge can be
identified

» Effects of solution properties on
contaminant adhesion can be evaluated

* Range of adhesion forces for given
contaminant/mask layer can be determined



Particle Characteristics
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Macroscopic Adhesion Model: DLVO Theory
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Electrostatic Double Layer (EDL) Force
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van der Waals (vdW) Force
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Particle Adhesion Measurements
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Surface Roughness and Adhesion
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Geometry and Adhesion
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Alumina Interactions with SiO,
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How to Describe?
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Combined vdW, ES Interaction Models
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' ' FFT Roughness Model
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Validation: PSL Adhesion to Evolving Surfaces
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PSL Interactions with SiO,

300-
. vdW Model Predictions
Z 250 . ./
E H . i
S : ! D Model Predictions
S 200 4 - Experimental
'-é i Y Measurements
o
= 150 I
(<) § s
C A
S : ]
< 100" i
— s 3
g I @
(a 8 a i .
50 - 2 '
O _

2 4 6 8
pH (Constant lonic Strength 0.01 M)

» Electrostatic interactions do not have a significant effect at different pHs
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Alumina Interactions with SiO,
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Nanoscale Adhesion Approach

« Measure, model micron- « Measure nano-scale adhesion

scale adhesion « Model adhesion using constants

 Extract vdW, ES constants from micron-scale

« Can measure nano-scale adhesion
« Can model roughness and geometry effects

« Can predict nano-scale adhesion
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Silicon Nitride Particle: Micron-Scale
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Silicon Nitride Cantilevers: Nanoscale
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Silicon Nitride Adhesion to Silicon Dioxide in Alr
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Silicon Nitride Adhesion to Silicon Dioxide in Water
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Silicon Nitride Adhesion to Quartz in Air
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Silicon Nitride Adhesion to Quartz in Water
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Theory and Experiment: Silicon Nitride
Adhesion to Silicon Dioxide in Air
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Theory and Experiment: Silicon Nitride
Adhesion to Silicon Dioxide in Water
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Theory and Experiment: Silicon Nitride
Adhesion to Quartz in Air
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Theory and Experiment: Silicon Nitride
Adhesion to Quartz in Water
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Conclusions

* Micron- and nano-scale particle adhesion can be
described by vdW and electrostatic force models

* Proper accounting for roughness and geometry
IS required

« Particle adhesion characterized by a distribution
of adhesion forces
— Reflective of the interaction of two rough surfaces

 Particles with highly nonuniform geometry can

be influenced by electrostatic forces even when
In contact with a substrate
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