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Experimental Aspects
of CVD Diamonds

FeSi

Si substrate Fe substrate

Experimental Facts in Diamond CVD ProcessesExperimental Facts in Diamond CVD Processes

P = 20 Torr
Tf = 2100oC
Ts = 990oC
CH4 – H2 : 100 sccm
CH4 : 1%
2 h deposition



Preferential formation of Soot at the Edge
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Formation Mechanism of Soot ParticlesFormation Mechanism of Soot Particles
→→ Neutralization of Charged Neutralization of Charged NanoparticlesNanoparticles





Microstructural Feature of Soot

1. Porous and skeletal 
2. Fragile and easily rubbed 

by a finger 

→ Neither atomic 
nor molecular growth 

→ Aggregation among particles

→ Ionic mechanism : Formation of CNPs
and their neutralization 

Analysis of Growth Mechanism of Soot

1. Porous and skeletal structure
2. Fragile and easily rubbed by a finger 

3. Preferential growth at the edge 

→ Neither atomic nor molecular growth 
→ Aggregation among particles

→ Growing sources might be charged.

4. Growth mechanism of soot in combustion



FeSi

Si substrate Fe substrate

Experimental Facts in Diamond CVD ProcessesExperimental Facts in Diamond CVD Processes

Soot formation
can be explained
by charged clusters
formed in the gas
phase.

Then, why can 
diamond crystals 
grow on the silicon
substrate in the
presence of 
charged clusters?

Current Measurements
in CVD Diamond Process

Current Measurements (d= 1 cm, 20 Torr)
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Ion-Induced Nucleation
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- Designed to test the nucleation behavior 

Wilson Cloud Chamber

- Ion induced nucleation could not be avoided!

- Utilized to detect the track of the high energy 
particle (Bubble Chamber Experiment)



Ion-induced nucleation
in cloud and bubble chambers

Discovery of the Positron (the anti-electron)

C.T.R. Wilson 
in 1927
For his invention 
of Wilson cloud chamber

Nobel Prize Works related toNobel Prize Works related to
IonIon--Induced NucleationInduced Nucleation

C.D. Anderson  
in 1936
For his discovery 
of positron

P.M.S. Blackett
in 1948
For his works on 
of Wilson cloud chamber
method and cosmic rays

D.A. Glaser 
in 1960
For his invention 
of bubble chamber



Wilson or Bubble Chamber Experiments
- Small amount of ions
- Large amount of a medium to precipitate

Thin Film, Nanotube, Nanowire CVD Reactor
- Large amount of ions
- Small amount of a medium to precipitate 

Why don’t we worry about Ion-Induced Nucleation 
in Thin Film, Nanotube, Nanowire Processes? 

→ Charged nuclei grow instantly into visible size.

→Charged nuclei maintain invisible nanosize,
suspended in the gas phase like nano-colloids.           

CNPs are suspended in the gas phase like colloids.. 
How are they related with the growth?

How do they sediment?

The sedimentation behavior of CNPs has not been 
studied. 

However, the sedimentation behavior of micron-
size colloidal particles is well established.

The sedimentation behavior of CNPs can be 
deduced from that of micron-sized particles. 



Repulsion
Dominant Colloid

Attraction
Dominant Colloid

Random 
Landing

Highly Selective 
Landing

Slow Flocculation Fast Flocculation

Sedimentation Behavior of Colloidal Particles

Slow Flocculation
Self-Assembly

Fast Flocculation
Random Coagulation

FeSi

(a) Si substrate (b) Fe substrate

Sedimentation Behavior of MicronSedimentation Behavior of Micron--Size ColloidsSize Colloids

Electrical double layer
stabilizes dielectric
diamond cluster.  



Charged NPs are suspended in the gas phase.

These CNPs make soot on Fe.

These CNPs seem to make also diamond on Si.

Which property of substrates does determine
diamond or soot deposition?

The property seems to be related with the
interaction with the charge. 

The property is not simply conductivity. 
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(a) Si substrate (b) Fe substrate

Self-assembly of CNP comes from
electrostatic interaction.

Neutral NP → porous structure

CNP → diamond,   NNP → graphite Charge stabilizes diamond.



Ts,1 = s,2 =1263 K

f,1 =2473 K, f,2 = 2323K

Deposition Time = 2 hr

(* s : substrate,  f : filament)

T

T

(a) Fe substrate (b) Fe substrate on quartz

T

Charge stabilizes diamond.

Charge induces self-assembly.

Deposition Behavior between Conducting and 
Insulating Blocks beneath Fe Substrate


