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Molecular design of low Molecular design of low ??  FC film architecture FC film architecture

Hot filament CVD of low Hot filament CVD of low ??  FC films FC films

Density functional theory methodologyDensity functional theory methodology

SummarySummary
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Film CharacterizationFilm Characterization
XPS, FTIR, AFM, SEM
NMR, Raman, TGA

StructureStructure
bonding environment
surface morphology
chemistry of reactions

PropertiesProperties
low dielectric constant

photo/e-beam sensitivity
supercritical CO2 solubility

ApproachApproach

OrganosiliconOrganosilicon
-SiMe-SiMe22-O-SiMe-O-SiMe22--

ProcessingProcessing

CVD parameters
precursor selection

157-nm Lithography157-nm Lithography E-Beam Direct WriteE-Beam Direct Write

Supercritical COSupercritical CO22 Development Development



Progress in Patterning of HFCVD FC FilmsProgress in Patterning of HFCVD FC Films
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Molecular Design of Film ArchitectureMolecular Design of Film Architecture

Reduce precursor fragmentation and breakdown

10/50 HFPO
Pulsed PECVD

10/400 HFPO
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HFPO
HFCVD

Bulk
PTFE

Higher CF2 concentration and more CF2 polymerization

More PTFE-like composition and structure

Experiment

Quantum
Calculations



Hot Filament Chemical Vapor DepositionHot Filament Chemical Vapor Deposition



HFCVD Fluorocarbon FilmsHFCVD Fluorocarbon Films
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CFCF22 Reaction Pathways Reaction Pathways



DFT Study:  MethodologyDFT Study:  Methodology



DFT Study:  Optimized GeometriesDFT Study:  Optimized Geometries
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Heat of Formation (298 K)

DFT Study:  Heat of FormationDFT Study:  Heat of Formation

Heat of Formation (0 K)



DFT Study:  Methodology ValidationDFT Study:  Methodology Validation



DFT Study:  CFDFT Study:  CF22 Reaction Set Reaction Set



DFT Study:  CFDFT Study:  CF22 Thermochemistry Thermochemistry



DFT Study:  CFDFT Study:  CF22 Propagation/Depropagation Propagation/Depropagation

nC   +   nF2      (CF2)n
? Hf,n = 75.5 � 94.4n   n=2,3,�0

CF2   +   (CF2)n-1      (CF2)n
? Hrxn = -48.7 kcal/mol0

(CF2)n+m      (CF2)n   +   (CF2)m
? Hrxn = +75.5 kcal/mol0
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Molecular design of low Molecular design of low ??  FC films FC films

HFCVD reactions and reactive speciesHFCVD reactions and reactive species

CFCF22 thermochemistry thermochemistry

Potential CFPotential CF22 polymerization pathway polymerization pathway


