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Island or Volmer—Weber growth
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- Layer or Frank—van der Merwe growth
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Film and
substrate are the
same material
(e.g., S1on Si,
InP on InP)

Film and
substrate are
different

materials (e.g.,
InGaAsP on InP,
S1Ge on Si)

a) Homoepitaxy

Diamond

Other material




Island-layer or Stranski—Krastonov growth
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where aj is the lattice constant of the substrate and 4, is the lattice constant of the
film:

* If £>0, the film is strained in tension,

* If £<0, the film is trained in compression. [+
14

* Strain energy: E, = 2}1.]-( )82 h A
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Chemical Vapor Deposition (CVD) b b DO wgwy gy Y
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{A) Pyrolysis or thermal decomposition
SiH,(g) — Si(s) + 2H,(g) at 650°C
Ni(CO)4(g) — Ni(s) +4CO(g) at 180°C

(B) Reduction
S1Cl, (g) + 2H,(g) — Si(s) + 4HCl(g) at 1200°C
WF4(g) + 3H2(g) — W(s) + 6HF(g) at 300°C




(C) Oxidation
SiH,(g) + O4(g) — SiO,(s) + 2H,(g) at 450°C
4PH;(g) + 50,(g) — 2P,05(s) + 6H,(g) at 450°C

(D) Compound formation
SiCly(g) + CH.(g) — SiC(s) + 4HCI(g) at 1400°C
TiCly(g) + CH,(g) — TiC(s) + 4HCl(g) at 1000°C

(E) Disproportionation
2 Gely(g) > Ge(s) + Gely(g) at 300°C
(F) Reversible transfer

— 6GaAs(s) +6HCI(g) at 750°C
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Atmospheric Pressure CVD
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(Aerosol assisted CVD (AACVD)) s p& oo & 90 55720l Juwg 5]

(Direct liquid injection CVD (DLICVD)) 048 0 52,5y

aerosol-assisted CVD or AACVD)|
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hot-wall CVD
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cold-wall CVD
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. MOCVD (metalorganic CVD)

aerosol-assisted CVD or AACVD)|

:CVD §lgif °

plasma enhanced or PECVD

laser assisted or LACVD
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(1) Honzontal reactor (2) Vertical reactor
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(3) Barrel reactor (4) Pan-cake reactor
A few common setups of CVD reactors.
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Requirements for ALD precursors.

Requirement

¢ Volatility

# No self-decomposition

¢ Aggressive and complete reactions ;l%| 30

¢ No etching of the film or LY o d_,_gd J ),,_,5 °
substrate material

¢ No dissolution to the film oy 9_&) WolS u-w*’ 3 &’ Ql.?Li‘ S

Un-reactive byproduct

¢ Sufficient purity s
¢ Inexpensive st

Easy to synthesize & handle AR S
Nontoxic and environmentally 0.2nm/ CYde ‘u—*-’l-’ g_;l"} I nd

friendly
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