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Adhesion Importance in Semiconductor IndustryAdhesion Importance in Semiconductor Industry

••Necessary boundary condition in modeling of post-Necessary boundary condition in modeling of post-

CMP cleaningCMP cleaning

••Important characteristic in developing both barrierImportant characteristic in developing both barrier

layers and thin films (both ILD and metal)layers and thin films (both ILD and metal)

ILD
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Post-CMP Cleaning ResearchPost-CMP Cleaning Research

Post-CMP Cleaning Model
- Input: substrate, polishing slurry, post-CMP solutions

- Output: cleaning conditions
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- Output: cleaning conditions

Flow DynamicsFlow DynamicsAdhesion ModelAdhesion Model

11stst generation generation
rough deformable spherical

colloid interacting with a

rough flat surface

22ndnd generation generation
asymmetrical rough colloid

interacting with any surface

Model flow field for removal of
rough deformable spherical
colloid interacting with a rough
flat surface



Adhesion Investigation StrategyAdhesion Investigation Strategy

First Generation Model:
- modified DLVO theory

- semi-ideal system: (flat surface, rough spherical particle)

First Generation Model:
- modified DLVO theory

- semi-ideal system: (flat surface, rough spherical particle)
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Second Generation Model:
- modified DLVO theory

- system: (rough surface, rough asymmetrical particle)
- statistical model

Second Generation Model:
- modified DLVO theory

- system: (rough surface, rough asymmetrical particle)
- statistical model

Contact AreaContact Area
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force
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SEMSEM
ideal modelideal model
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AFMAFM
ideal modelideal model

GeometryGeometry

SEMSEM
ideal modelideal model

AFMAFM

MorphologyMorphology

Computer model Computer model 

 of colloid of colloid

SEMSEM
SEMSEM: 
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11stst Generation Model Generation Model
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Ideal vdWIdeal vdW- No
deformation single contact
point

Extended vdWExtended vdW- colloid deformation
continuous contact area

Our Roughness model Our Roughness model - colloid
deformation with rigid discrete
hemispherical asperity contacts

Van der Waals (vdW) ModelsVan der Waals (vdW) Models
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AFM Force MeasurementAFM Force Measurement

PSL sphere
mounted on AFM

cantilever
(Ducker method)

photodiode

laser

mounted
cantilever

liquid cell
substrate

temperature
plate



Colloid - Surface Contact Area MeasurementColloid - Surface Contact Area Measurement
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adhesion-induced
contact area radius

(µm)

colloid
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PSL spheres on Silicon

elastic-plastic
deformation



Comparison of Experimental Observation with TheoryComparison of Experimental Observation with Theory
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