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Chemical Vapor Deposition — Vapor Phase Epitaxy
A few microns per hour
J= i
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if K < 1, reactants favored
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N N \hg+Kks h is the mass transfer constant UT
R « exp ( ki_ET) N is crystal density
Silicon GaAs
SiH4 — Si+2 H2 Ga(CH2CH3)3, AsH3, In(CH3)3, AI(CH2CH3)3
SiH2CI2 — Si+ 2 HCl H2S, H2Se, SiH4 are used as dopants

B2H6, PH3, and AsH3 are used as dopants
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Schematic for the halide process.
SiH4 + 02 — Si02 420C  TEOS + 02 — Si02 720C

2 MoCl15 +5H2 — 2 Mo + 10 HCI

Physical Vapor Deposition — Molecular Beam Epitaxy
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R = flux/crystal density
Composition is fractional pressure
A few microns per hour

where M is molar mass

Oxidation — Silicon Only

Dry Si+ 02— SiO2

Wet  Si+ H20 — SiO2 + 2H2
HF dissolves SiO2 but not Si
Cuts into wafer by 0.467 Xox
High B conc. improves diffusion
High P conc. improves reaction
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Schematic for the hydride process.

SiH4 + N20 — Si02 275C

Self-aligned contact: 2 WF6 + 3 Si — 2W + 3 SiF4
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Photoresist
ArF light is 193 nm

Positive Negative
1.22 development development
sin@ = 'T A where d is aperture diameter

Numerieal aperture 1 stnd I

0.6

Lithography

Feature SiZe W ; ~ —— A Polymer is more soluble Polymer is Jess soluble
’ min n sin® after exposure. after exposure.
Depth of f LI Negative light induces cross-linking
P OTIOCUS, 0 = T2 inz 0 Positive lights breaks bonds
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Etches
Wet — there are many recipes
(111) is the slow plane for anisotropic wet etching in Si (KOH or TMAH)

HNO3 then HF 2 GaAs + 6 H20 — Ga203 + As203 + 12H"
Fast etch 49% HF Ga203 and As203 dissolve in acids and bases
Through mask ~3 molar HF with NH4F Caro’s etch: H2SO4, H202, H20

Cleaning Dilute HF (diffusion limited so flat surface

Reactive Neutral Species

Dry and Reactive lon Etching 7‘1)(
Argon bombardment at 1 keV mills most materials at 10-100 nm/min

Halocarbons etch through the radical formation of volatile products 5

T Ionic Species
@

Film
Deposition
Evaporation can non-selectively deposit metals without damage ® o
Sputtering (Ar) can dislodge substances which then shower the wafer undercutting L.

Damascene: etch figure, fill with metal, planarize



