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Abstract and motivations

Development of advanced carbon based films for applications 

in neutron and photon detectors

Activities of my research

Direct-current µ-plasma discharge

Future fusion reactor will work under very extreme conditions, such as harsh radiation fields

Monitor this environment plays a pivotal role

Diamond as a suitable material for solid state detectors

 high band gap (5.4 eV)

 high radiation hardness

 good sensitivity to neutron and photon (plasma diagnostic)

Challenging task: optimization of diamond films as valuable engineering material

PECVD as the most promising technique

• Great versatility (plasma source, precursors, etc.)

• Higher growth rate with respect to thermal CVD

• Lower temperature and lower pressure than HPHT

Diamond deposition with DC µ-plasma

F. Causa et al., J. Appl. Phys. 112, (2012)

General purposes

 Investigation of the first stages of diamond nucleation and growth exploiting

innovative deposition technique

 Production of diamond films with controlled and optimized properties

 Further studies about detector relevant issues, with particular attention to:

• deposition of diamond layers directly on metallic contacts

• investigation of the possibility to produce graphitic contacts directly on

diamond films

Experimental activities and methods

 Production of samples at lab-scale at Institute of Plasma Physics, CNR, Italy with the

use of a Direct-Current μ-Plasma device

 Characterization of sample combining Raman Spectroscopy and SEM Microscopy at

Nanolab, Polimi

200 nm

Morphology : Scanning Electron Microscopy

Structure : Raman Spectroscopy
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F. Ghezzi et al., J. Phys. Chem. C, 2014, 118 (42)

P-T C-H phase diagram for H2/CH4 flux ratio of 5 ∙ 10-3

Non-Equilibrium Non-Dissipative Thermodynamic Model [1] 

Predictive model for process parameters

Great versatility

with respect to 

carbon 

structures

In the yellow region 

deposition of 

diamond films

Tunable parameters

• Cathode dimension and pressure  linearly 

dependent 

• ΦCH4 / ΦH2  need of large amount of 

hydrogen [2]

• Deposition time

• Temperature  mainly influencing crystalline 

quality
[1] JT. Wang, Springer-Verlag, 2002, New York, 99-137 

[2] RM. Sankaran et al., J. Appl. Phys. 92, 2406 (2002)

Characterization of diamond film

 Hollow cathode (D around 100 µm)

 Radial electric field distribution

 High energy electrons ( E > 10 eV) with mean 

free path ≈ D

 High density plasma (up to 1016 cm-3)

 Increasing ionizing rate  chemical 

dissociation of organic molecules

 Deposition of both sp2 and sp3 carbon films

Functioning

Pressure close to atm

Versatility

Fast and small deposition (suitable 

for basic material science studies)

Principal features

Microhollow Cathode Discharge

When p ∙ D ≈ 0,5 ~ 10 Torr ∙ cm and D ≤  twice 

the length of the cathode fall  pendulum 

electrons oscillating radially towards the axis

Graphite Single-crystal diamond Polycrystalline diamond
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Information about superficial

morphology of samples and 

mean crystallites dimensions

Extremely sensible to different

carbon structures, it provides a 

complete fingerprints of samples

Conclusions and future perspectives

Study of diamond growth

Peripheral region
Scattered diamond

features growing with 

different sizes

Central region
Continuous / denser

diamond grains

30 min dep.

 Spot deposition

 Morphology evolution

5 min 10 min

15 min 30 min

2 um

• Strongly polycrystalline film

• 5 mins: small, disordered

grains

• 10 – 15 mins: coalescence of 

diamond grains

• 30 mins: continuous film with 

diameter of hundreds of μm
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Visible Raman  = 457 nm
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UV Raman = 325 nm

 Raman analysis

• 5 mins: only graphite

• 10 mins: sp3 line starts appearing

• 15 – 30 mins: CVD diamond growth

• UV measurements confirm the presence of crystalline

graphite rather than sp2 amorphous carbon

SEM images taken at the central region of the spot deposition

0

0,005

0,01

0,015

0,02

0,025

0,03

0,035

0 10 20 30 40

S
p

3
 / 

to
ta

l
a
re

a

Dep. time [min]

Estimation of sp3 quantity

Central
region

Peripheral
region

Conclusions:

• Formation of a graphite layer is the first step before the CVD diamond growth (thus

favouring diamond growth)

• After 15 minutes sp2 component in the sample changes from crystalline to amorphous

and sp3 content decreases

Next steps…

• Evaluation of the first stages of diamond nucleation

• Analysis of the influence of different substrate materials

T = 960°C 

p = 200 torr

Subs = Mo

It is possible to 

evaluate the sp3

content in the samples

by an accurate fitting

of Raman peaks

Deposition

parameters


