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Objectives

Overview ofSilicon Technology

-  Wafer preparation
- Lithography

- Oxidation

- Etching

- Doping

- Deposition

- Packaging
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Process Flow in a Wafer Fab
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Introduction

A Film Layeringin WaferFab
I Diffusion
I ThinFilms
A Film LayeringTerminology
A Multilayer Metallization

I MetalLayers
I DielectricLayers




Multilevel Metallizationon a ULSIWafer
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Metal Layersin aChip




Film Deposition

Thin Film Characteristics

Good stegoverage

Ability to fill highaspectatio gapgconformality)
Good thicknessaniformity

High purity anddensity

Controlledstoichiometries

High degreeof structuralperfectionwith low film stress

Goodelectricalproperties

=4 =/ =2 A A A = A

Excellentadhesion to the substrate material and subsequent
films




Solid Thin Film

Thickness

Thin films arevery thin in

comparisorto thesubstrate.
Width P

Oxide

Siliconsubstrate
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Film Coverage ovesteps

Uniform thickness
™ s

——

Conformalstepcoverage |—Nonconformal stepoverage_,
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AspectRatio for FilmDeposition

Depth : 500A
AspectRatio = Bt L AspectRatio = ——— =
Width 250A
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High AspectRatioGap

POLYCIDE GATE

Photograpltourtesy ofntegratedCircuit Engineering




Stages of FilnGGrowth

Gasmolecules
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Figurell.7
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Techniques of Filnbeposition

Applied Nanomaterials & D

Chemical Processes Physical Processes
PhysicalVapor
Chemical Vapor Platin Deposition Evaporation Spin On
Deposition(CVD) 9 (PVDor S P M ethods
puttering)
AtmospheridPressure | Electrochemical dep
CVD (APCVD) or osition(ECD), comm DC Diode Filamentand Spinon g
SubAtmosphericCVD | only referredo asel ElectronBeam | lass(SOG)
(SACVD) ectroplating
. Spinon d
Low Pressur€VD . RadioFrequency | MolecularBeam . .
(LPCVD) Electrolesslating (RF) Epitaxy(MBE) ieledric
(SOD)
Plasma Assiste@GVD:
A Plasmé&nhanced
CVD (PECVD)
A High Density DC Magnetron
PlasmaCVD
(HDPCVD)
Vapor Phas&pitaxy
(VPE)and lonizedmetal
MetalorganicCVD plasmgIMP)
(MOCVD)
Dielectrics: Chaptet1
Metals:Chapter.2 Chapterl2 Chapterl2 Chapterl2 Chapterll
Table11.1
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Chemical Vapobeposition

The Essentiahspects ofCVD

1. Chemical actiorms involved, either through chemical reaction
or bythermal decompositiofreferredto as pyrolysis).

2. All material forthe thin film is supplied bgn external
source.

3. The reactants aCVD processnuststartout in the vapor
phasgasagas).




Chemical Vapor Depositiohool

Photograph courtesyf Novellus, SequeCVD
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CVD ChemicalProcesses

1. Pyrolosis acompound dissociatébreaksbonds, ordecomposesyith the
applicationof heat, usuallyithout oxygen.

2. Photolysis acompound dissociategth theapplicationof radiantenergythat
breaksbonds.

3. Reduction: achemical reactionccursby reactinga moleculewith
hydrogen.

4. Oxidation: achemical reactionf an atonor molecule with oxygen.

5. Reduction-oxidation (redox): acombinatiorof reactions3 and4 with the
formationof two newcompounds.

evices LAB.




CVD Reaction

A CVD ReactionSteps

A RateLimiting Step

A CVD Gas FlowDynamics
A Pressure itCVD

A DopingDuring CVD
I PSG
i BSG
I FSG




Schematic of CVDOransportand Reactioisteps

of reactants CVD Reactor

7) Desorptionof O 8) By-product :
2) Film precursor o= byproduct removal
reactions (@ By-products ﬁ ) S < E— @
T W a
3) Diffusion of @) 8 @ @D @
gasmolecule 5) Precursodiffusion _ _ _
_ into substrate 6) Surfacereactions Continuoudilm
4) Adsorptionof "~ ™
precursors

' . — Figurel11.8
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GasFlow in CVD

Diffusion of
reactants O

Gasflow

Siliconsubstrate
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Figurel11.9




