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Objectives 

Overview of Silicon Technology

- Wafer preparation

- Lithography

- Oxidation

- Etching

- Doping

- Deposition

- Packaging
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Process Flow in a Wafer Fab
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Introduction

ÅFilm Layering in WaferFab

ïDiffusion

ïThin Films

ÅFilm LayeringTerminology

ÅMultilayer Metallization

ïMetalLayers

ïDielectricLayers



Multilevel Metallization on a ULSIWafer
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Metal Layers in aChip

Micrograph courtesy of Integrated Circuit Engineering



Film Deposition

Thin Film Characteristics

¶ Good stepcoverage

¶ Ability to fill high aspect ratio gaps(conformality)

¶ Good thicknessuniformity

¶ High purity anddensity

¶ Controlledstoichiometries

¶ High degree of structural perfection with low film stress

¶ Good electricalproperties

¶ Excellent adhesion to the substrate material and  subsequent

films



Solid Thin Film
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Thin films are very thin in  
comparison to thesubstrate.



Film Coverage overSteps
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Aspect Ratio for FilmDeposition
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High Aspect RatioGap

Photograph courtesy of Integrated Circuit Engineering



Stages of FilmGrowth
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Table11.1

Chemical Processes PhysicalProcesses

Chemical Vapor  

Deposition(CVD)
Plating

PhysicalVapor

Deposition  

(PVD or  S

puttering)

Evaporation
Spin On  

Methods

AtmosphericPressure  

CVD (APCVD) or
Sub-AtmosphericCVD  

(SACVD)

Electrochemical  dep

osition (ECD),  comm
only referredto  asel

ectroplating

DC Diode
Filament and  

ElectronBeam

Spin on  g

lass(SOG)

Low PressureCVD  
(LPCVD) ElectrolessPlating

RadioFrequency  
(RF)

Molecular Beam  
Epitaxy(MBE)

Spin on  d

ielectric  
(SOD)

Plasma AssistedCVD:

Á PlasmaEnhanced  

CVD (PECVD)
Á High Density

PlasmaCVD  

(HDPCVD)

DC Magnetron

Vapor Phase Epitaxy  

(VPE)and
Metal-organic CVD  

(MOCVD)

Ionizedmetal  

plasma(IMP)

Dielectrics: Chapter11

Metals: Chapter12
Chapter12 Chapter12 Chapter12 Chapter11

Techniques of FilmDeposition



Chemical VaporDeposition

The Essential Aspects ofCVD

1. Chemical action is involved, either through chemical  reaction 

or by thermal decomposition (referred to as  pyrolysis).

2. All material for the thin film is supplied byan  external

source.

3. The reactants in a CVD process must start out in the  vapor 

phase (as a gas).



Chemical Vapor DepositionTool

Photograph courtesy of Novellus, SequelCVD



CVD ChemicalProcesses

1. Pyrolosis: a compound dissociates (breaks bonds, or  decomposes) with the 

application of heat, usually without  oxygen.

2. Photolysis: a compound dissociates with the application of  radiant energy that 

breaksbonds.

3. Reduction: a chemical reaction occurs by reacting a  molecule with

hydrogen.

4. Oxidation: a chemical reaction of an atom or molecule  with oxygen.

5. Reduction-oxidation (redox): a combination of reactions  3 and 4 with the 

formation of two newcompounds.



CVD Reaction

ÅCVD ReactionSteps

ÅRate Limiting Step

ÅCVD Gas FlowDynamics

ÅPressure inCVD

ÅDoping DuringCVD
ïPSG

ïBSG

ïFSG



Schematic of CVD Transport and  ReactionSteps
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Gas Flow in CVD
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