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Diamond properties

• Exceptional mechanical Hardness and Thermal Conductivity (2200 W/mK)

• Wide bangap semiconductor (5.5 eV) 

• Optical transparency (Down to 225nm)

• Resistant to ionizing particles and chemicals

• Biocompatible

• Wide electrochemical window

For many applications only thin diamond layers with moderate quality (nano or 

polycrystalline) needed…

However increasing interest in large size high quality crystals motivated by high-end 

applications in optics, electronics, quantum physics… (not just for jewelry!)
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Why thick diamond single crystals? 

DIAMOND DETECTORS 

For high energy particles

Thick intrinsic layers

1 J. Achard, F. Silva, R. Issaoui et al., Diam. & Relat. Mat. 20, 145-152 (2011).

HIGH POWER DEVICES

Thick p+ diamond crystals for vertical 

diodes

OPTICAL WINDOWS

For high-power lasers, 

gyrotron and Raman lasers

Diamond 

Materials
Element 6

J. Achard et al. Diam. & Relat. Mat. 20, 145-152 (2011).
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OPTIMIZATION OF CVD PLASMA PROCESS

CONTROL OF EXTENDED DEFECTS

Outline
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I.

CVD PLASMA PROCESS
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Diamond synthesized in CVD conditions

CVD diamond is synthesized in metastable temperature and pressure
conditions. Atomic hydrogen is key to diamond deposition.

substrate

DIFFUSION
H HH

CH4 + H CH3 + H2

H2 2 H
e-, D

• Co-deposition (sp2, sp3)

• Etching (sp2, sp3)

CVD diamond

Activation

H2 + CH4

Microwave

mailto:Jocelyn.achard@lspm.cnrs.fr


Jocelyn.achard@lspm.cnrs.fr

Journée thématique Réseau Semi-conducteurs – 14th june 2017 - Paris

Growth mechanism (Harris & Goodwin 1993)
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Need to work at high pressure and high MW power to improve quality and increase growth rate

D. G. Goodwin (1993). "Scaling laws for diamond chemical-vapor deposition. I. Diamond surface chemistry." J. Appl. Phys. 74(11) p. 6888-6894.

quality

growth

rate

10% CH4
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Evolution of the growth rate with MWP

0 1 2 3 4 5

0,01

0,1

1

10

100

 

Microwave Power (kW)

G
ro

w
th

 r
a
te

 (
µ

m
/h

)

2 inches

2.45 GHz

4% of CH4

TS = 900°C

mailto:Jocelyn.achard@lspm.cnrs.fr


Jocelyn.achard@lspm.cnrs.fr

Journée thématique Réseau Semi-conducteurs – 14th june 2017 - Paris

0 1 2 3 4 5

0,01

0,1

1

10

100

Microwave Power (kW)

G
ro

w
th

 r
a
te

 (
µ

m
/h

)

1

10

100

1000

10000

P
ro

d
u
c
tio

n
 c

o
s
t (E

u
ro

s
/c

t)

5 000 €

100 €

57 samples

2 inches

2.45 GHz

Evolution of the growth rate with MWP

4% of CH4

TS = 900°C

mailto:Jocelyn.achard@lspm.cnrs.fr


Jocelyn.achard@lspm.cnrs.fr

Journée thématique Réseau Semi-conducteurs – 14th june 2017 - Paris

0 1 2 3 4 5

0,01

0,1

1

10

100

Microwave Power (kW)

G
ro

w
th

 r
a
te

 (
µ

m
/h

)

1

10

100

1000
P

ro
d
u
c
tio

n
 c

o
s
t (E

u
ro

s
/c

t)

5 000 €

100 €

2 €

57 samples

2 inches

2.45 GHz

Evolution of the growth rate with MWP

4% of CH4

TS = 900°C

mailto:Jocelyn.achard@lspm.cnrs.fr


Jocelyn.achard@lspm.cnrs.fr

Journée thématique Réseau Semi-conducteurs – 14th june 2017 - Paris

Partial conclusion

A. Tallaire et al., Comptes Rendus 

Physique 14, 169-184 (2013).

The growth of free standing CVD films is a reality

Under optimal conditions : typical growth rates of 3-20 µm/h.

Up to 70 µm/h

MWPACVD technique is fairly mature  Thick crystals at relatively high 

growth rates, good morphologies can be obtained at a reasonnable cost

Nevertheless
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Extended defects in diamond

Typical density = 104 -107 cm-2

Affect optical and electronic properties

Birefringence image

Courtesy of LPSC
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II.

CONTROLLING EXTENDED 

DEFECTS: DISLOCATIONS
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Dislocations in CVD diamond

CVD

HPHT

X-Ray topography image of a CVD single crystal after growth (P. Martineau, DTC)

Formed at HPHT-CVD interface.

(Secondary dislocations)

1

Threading dislocations coming from the 

substrate. (Primary dislocations)

2

2 dislocations sources

CVD

HPHT

1 2
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1. Reducing secondary dislocations

Need to get an 
EPIREADY surface !

(1) Improve scaife

polishing (CMP)

(2) Use of plasma 

« physical » etching (ICP)

Polishing damage 
on the surface

2 DIFFERENT APPROACHES

Laser-induced
graphitization at the edges

Mechanical
grade HPHT 
substrate
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Effect of physical etching

CHEMO-MECHANICAL

POLISHING (H2O2 liq.)
ICP ETCHING

Reveal etch Reveal etch

CVD growth and reveal CVD growth and reveal

J. Achard, A. Tallaire et al., phys. Stat. Sol. 

(a) (2014)

6×105cm-2 2×105cm-25×106cm-2 5×106cm-2

reference
referenceCMP pol. ICP etched
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2. Stopping primary dislocations

USE OF SELECTIVELY DEPOSITED MASKS

Dewetting

HPHT

H2/O2

HPHT

Metallic
nanoparticles

HPHT
CVD 1

H2/O2

HPHT
CVD 1

Growth
Pt film

HPHT
HPHT
CVD 1
CVD 2
CVD 3

Repeat
procedure

Almost perfect match No visible incidence on growth
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Use of selectively deposited masks

REPEATING THE PROCEDURE 3 TIMES

100 µm

100 µm

100 µm

100 µm

100 µm

100 µm

Reference 

sample

Masked 

sample

CVD 1 CVD 2 CVD 3

6×106 cm-2

4×106 cm-2

3×106 cm-2

6×106 cm-2 9×106 cm-2

1×106 cm-2

M. Naamoun et al. , Diam. Relat. Mat. 58, 62-68 (2015).
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4. Deflecting dislocations

USE OF ENGINEERED SHAPE SUBSTRATES

<100>

20° 30° 40°

Different shapes

CVD growth
pyramid disappears

Main idea

HPHT

CVD

A. Tallaire et al. Diam. & Relat. Mat., 33 (2013) 71-77.
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First evidence for dislocation deflection: 45° away from the surface 

Evidence of dislocation engineering: 45° away from the surface

XRT- Courtesy M. Kasu, Saga University

[100]

[010]

[001]

CL image, J. Barjon GEMaC

4. Deflecting dislocations
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Use of pyramidal-shape substrates

<001> growth
direction

<001>

<010>

Dnorm

D

q

Knowing Dnorm and D, it is also possible to determine the angle 
between the 2 growing faces

In the previous growth conditions, q  10°

q
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10°

46°

Changing the growth sector boundary angle to get dislocation-free material. Ideally > 45°

ϴ=45°

3kW/200mbar

3kW/200mbar+5ppm N2

2.4kW/140mbar

2.4kW/140mbar+5ppm N2
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Experiments

2 mm thick300 µm thick

Possible to change the angle 
by varying the growth

conditions.

A. Boussadi PhD thesis

Use of pyramidal-shape substrates
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CL imagingImproved growth
conditions Inclined dislocations

Dislocation free !

Straight dislocations

Use of pyramidal-shape substrates
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Use of pyramidal-shape substrates

<110>

<001>

Cross-section
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Use of pierced-shape substrates

HPHT substrates with 2x2 mm² holes have been prepared by laser 
cutting along <100> directions

The main idea is to promote lateral growth at the center of the sample.

<010>

<100>

Top view

Cross section

2mm
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Optimization of growth conditions allows obtaining
lateral growth and disappearance of the hole

Use of pierced-shape substrates
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Use of pierced-shape substrates

Cross-section

Hole
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Use of pierced-shape substrates

Cross-section
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Proposed mechanism for dislocation propagation
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300 µm

Birefringence image

1 mm

PL imageOptical image

Use of pierced-shape substrates

Freestanding CVD diamond plate grown on a 2mm pierced substrate

A. Tallaire et al. Advanced Materials, 29 (2017) 1604823
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Dislocations in CVD diamond

BENDING DISLOCATIONS

SELECTIVELY MASKING DISLOCATIONS

PREPARING EPIREADY SURFACE

Use of CMP polishing and etching treatment  decrease by a factor of 10
Best results obtained by combining different techniques

Achieved local masking of defects with Pt particles
Slight reduction in D.D. but not fully effective

Dislocations deflected when growth on pyramidal-shape substrate
Promising method if adapted growth conditions are found but difficult to control

Dislocations deflected when growth on pierced-shape substrate
It is the most promising method

BUT MORE EFFORTS NEED TO BE DEDICATED TO SOLVE THIS PROBLEM
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