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Topics

e MeanFree Path
e StructureZone Model

e FabricationProcesses

Mean Free Path

Meanfreepathis theaveragealistancea moleculetravelsbeforecolliding with othermolecule. Thederivation
of meanfree pathis doneby takingtheratio betweernvolumeof a cylinder sweptby a movingmoleculeandthe
collisionarea.The volumeper molecule is then estimated by ideal s.

_ Volume/n kT

Area  /2mo2P

A /2 factoris from the relativevelocity since the molecule being hit is also moving.

Structure Zone Model (Thornton 1977)

Thin film structures varylepending on the depositiion rate and temperature.

Inert Gas Pressure v3s/Tm
EvaporationZ3 , Z2, Z1
Sputtering:Z3, Z2, ZT,Z1

(Summarized from http://fy.chalmers.se/~krasnov/FKA195/lectures/film%?20structure.pdf)

] Zone | Structure

| Properties

|

Mechanism

Z3
largeequiaxedyrain

low dislocation density,

high temperature, sufaead

boundaries soft recrystalized grains | bulk diffusion
z2
columnardense grain hard, lowductility surfacediffusion
boundaries
(Z1->Z2 transition increases
with deposition rate)
Z1

dome tops, voided
boundaries

high dislocation density,
hard

substrate induced, low
temperature (negligiblsurface
diffusion)

Tablel: Evaporatedatoating (Table9.1 Ohring 1992)




[ Zone | Structure | Properties | Mechanism

Z3
largeequiaxedyrain low dislocation density, high temperature, sufaemnd
boundaries, smoth surface soft recrystalized grains | bulk diffusion

z2
columnartight grain hard, lowductility surfacediffusion (Z1->22
boundaries, facdbp transition increases with

deposition rate)

ZT
similar to Z1, no voidor high dislocation density, | negligiblesurfacediffusion
domes, dense grain hard, high strength, low

ductility

Z1 hard substrateinduced, low temper-
fibrous, lowdense grains ature (negligible surface diffu-
voidedboundaries, sion)

Table2: Sputtered coating (Tab1 Ohring 1992)

Fabrication Technology

Photolithographyis a standardmethodusedto define patternon the microelectronicdevices. The whole
procesgenerallystartsfrom depositionof photoresisimaterialon a substratefollowed by exposureo far-Uv
light througha maskor direct exposureof ElectronBeam. The resultingpatterncanbe processedurther by
etchingor deposition on the specified area.

PhotoresistDeposition

1. Spin Coating (Liquid Process)

2. Chemical VapoDeposition (Vapophase)Vaporof monomers
-PlasmaEnhance CVD
-Hot Filament CVD
-Initiated CVD

PhotoresistMaterials

Theway photoresist materials wordan be vieweds film in photography.
PositiveTone: The expose@rea breaks dowand is dissolvedh the developer.
NegativeTone: The exposearea crosslinks and unexposaea dissolved.

PostProcessing

(1) Etching: Photoresist is deposited on the desired fillmwantedpart is etched away.

(2) Deposition:Photoresists doneon the substrateDepositionis doneon thetop. Unwantedpartis removed
with the photoresist.

Applications: Optical Waveguide:Patternwith Index of Refractioncontrast.Light is refractedin the high
IR path; Circuit boardPatternwith circuit layout; Computer Chip



