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Thin Film Deposition

Physical Vapor Deposition (PVD)
Evaporation
Sputtering
“Molecular Beam” Epitaxy

Chemical Vapor Deposition
CVD from salts
MOCVD
OMCVD

Wet Chemical Methods
Electrodeposition
Sol-gel Deposition & Spin Coating

Evaporation

CVD Gas Transport

Gas Transport

What’s in a Vacuum?

(depends on pump type:  e.g. Turbomolecular)

Gas Phase Mass Transport

ICBST:(flux)
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Reynolds Number

Typical values of Reynolds number

Spermatozoa ~ 1×10−2

Blood flow in brain ~ 1×102

Blood flow in aorta ~ 1×103

Onset of turbulent flow ~ 2.3×103

Person swimming ~ 4×106

Aircraft ~ 1×107

Blue Whale ~ 3×108

A large ship (RMS Queen Elizabeth 2) ~ 5×109

Reynolds number: Re  = ratio of inertia to viscosity forces
= (density)*(velocity)*(distance)/viscocity

Re  <  ~2000 for laminar flow
Re  >  ~3000 for turbulent flow

Physical methods to produce thin layers

Sputtering: originally a method to clean surfaces, Ar+-ions are accelerated in 
an electrical field and hit the target that has to be cleaned; as a consequence 
surface atoms or molecules are removed from the surface

Epitaxy: Thin oriented layers (thickness of some μm) are deposited on a 
substrate with similar crystal structure (e.g. InAs: a=603.6 pm on GaAs: 
a=565.4 pm, both sphalerite structure).

Molecular Beam Epitaxy (MBE):  Evaporation at very low deposition rates
under ultrahigh vacuum but at relatively low substrate temperatures

Gas phase epitaxy (CVD = Chemical Vapour Deposition): Decomposition of 
molecules in the gas phase (e.g. by radiation or electron beam/Laser) and 
deposition on a suitable substrate;
(e.g. fabrication of LEDs with GaP und GaAs1-xPx, epitaxial layers are produced by  
thermal decomposition of compounds like AsH3, AsCl3, PH3, PCl3, ...)

Sputtering Sputtering

Sputtering

wider range of  materials

better step coverage 
(but not as good as CVD)

Sputtering
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Sputtering Sputtering

Sputtering Sputtering Yield

Sputtering DC Sputtering
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MBE

Half of the lasers that are used in CD players are grown by MBE, as 
well as those in pen-sized laser pointers. 

Basic arrangement of the MBE process I

Effusion furnaces withl a small pinhole

Target (can be cooled or heated)

Production of a Ga1-xAlxAs
on GaAs by the MBE process

MBE MBE Interfaces

MBE Growth Mechanisms MBE Growth Mismatchs
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MBE MBE at UIUC

MBE Growth Mechanisms MBE Growth Mechanisms

CVD Growth Plus Surface Analysis

Load locked UHV system
Remote plasma for atomic
hydrogen, nitrogen etc.

Spectroscopic ellipsometry
Mass spectrometry, TPD 
RHEED,  FTIR

Thin Films, II
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CVD:  Chemical Vapor Deposition Chemical Vapor Deposition
The Materials Science of Thin Films, 

Milton Ohring, Acad. Press, 2001 (800 p)
First CVD: Carbon Black

pyrolytic carbon black
as pigment:  paleolithic

India & China: lamp-blank ink

Today:  ~ 5 x 106 tons/yr.

CVD CVD

Thermal CVD Reactor Types Thermal CVD
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CVD Sources Chemical Vapor Depostion
&

Chemical Vapor Synthesis

Thermal CVD Films & Coatings Plasma Enchanced CVD

Electron Cyclotron Resonance 
Plasma-Enhanced 
Chemical Vapor Deposition

ECR-
PECVD

denser discharge, lower pressures, 
higher degree of ionization, no electrodes

PECVD PE-CVD
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CVD Reaction Types CVD Types

CVD Reaction Types OM CVD Precursors

Reduction

CVD Reaction Types CVD Reaction Types
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CVD Reaction Types

Entropically
driven

CVD Reaction Types

CVD of Si PE-CVD of Si

CVD of Carbon CVD of Carbon
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Carbon Black Carbon Black

CVD of Diamond Diamond CVD

Diamond CVD Diamond CVD (Ar plasma)
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Diamond CVD Diamond CVD

C Nanotube CVD Carbon Nanotube CVD

Rational Precursor Selection

Thermally decompose to highly-reactive carbon species;
i.e., C, CH, CCl, C2

Water-soluble

MmXm Cn (CO2 or SO3)a Hb Xc where M = alkali metal ion, X = halide or OH-

Design Criteria Summary

N = b – c where N = excess of H atoms

Example:
Sodium Dichloroacetate

N = 0 when ideal precursor decomposition occurs

Remnant carbon only!

Precursor Criteria

Volatile, stable leaving groups upon decomposition;  i.e.,  HCl, H2O, CO2

ONaC

O

C

H

Cl
Cl

ONaC

O

C

H

Cl
Cl

Alkali-Metal Dichloroacetate (N=0)

H2O

H2O

H2O

Carbon/alkali-chloride 
composites formed

XRD evidence for 
salt formation, otherwise
amorphous

Collection dissolves 
generated salt, 

leaving porous carbon.

710 m2/g

180 m2/g

160 m2/g

Li

Na

K

1.5 M aq. solutions
furnace temp: 700 °C
flow: Ar(g) 2.0 ft3/hr
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Cl/OH rich

H rich

N

-2 Alkali trichloroacetate

Alkali dichloroacetate

Alkali dihydroxyfumarate
0

Alkali glycolate

Alkali chloroacetate

Alkali 2-chloroacrylate

Alkali tartarate

Chloroacetaldehyde sodium bisulfite

Alkali 2,2-dichloropropionate

2

Alkali 2-chloropropionate

Alkali 3-chloropropionate

Alkali succinate

Alkali acetate

Alkali malonate
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Cl/OH rich

H rich

N

-2 Alkali trichloroacetate

Alkali dichloroacetate

Alkali dihydroxyfumarate
0

Alkali glycolate

Alkali chloroacetate

Alkali 2-chloroacrylate

Alkali tartarate

Chloroacetaldehyde sodium bisulfite

Alkali 2,2-dichloropropionate
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Alkali 2-chloropropionate

Alkali 3-chloropropionate
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Alkali acetate

Alkali malonate
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Color Key:
no product
spheres/networks 
mixed results
ill-defined solids

When N = 0 or 2,  
spheres/networks formed.

Li-glycolate USP product

Precursor Summary

Relevant Decomposition Processes:
Precursor melting (endo, no mass loss)

Salt elimination (exo, no mass loss)

Decarboxylation (endo, mass loss)

Generated salt melting (endo, no mass loss)

Studied by TGA/DSC of each precursor

Why Different Morphologies?

The relative order of these 
processes influences the morphologies.

Why Different Morphologies?

Different Decomposition Sequences

Coupling of precursor melting with salt formation 
leads to core-shell structure.
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Case 1: Precursor melting  Salt formation  Decarboxylation
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Different Decomposition Pathways?

Case 2: Salt formation Decarboxylation

Salt elimination (without precursor melting) 
leads to macroporous carbons

Why Different Morphologies?
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Why Different Morphologies?

Different decomposition pathways 
give different morphologies.

Different Decomposition Pathways?

Case 3:  Precursor melting  Salt formation  Complex decomp

USP Porous Carbon Conclusions

New, facile route to porous carbons

In situ template generation & removal

Decomposition behavior influences 
morphology

Scale-up possible

Skrabalak, S. E., Suslick, K. S. J. Am. Chem. Soc. 2006, 128, ASAP.

Potential catalytic, adsorbent, and 
electrochemical applications
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Cu CVD Cu CVD

Cu CVD Cu CVD

Electrodeposition
(a.k.a.  Electroplating)

Electroplating


