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CVD Diamond : what everybody knows
(or should know)

No need for cooling
High radiation tolerance (up to 215 p/cm2

High charge mobility
Full charge collection at field < 1 V/µ

CVD DIamond Si

Energy Gap 5,5 eV 1,21 to 1,1eV

Breakdown 107 V/cm 3.105 V/cm

Resistivity 1013 – 1016 Ωcm 105 – 106 Ωcm

Mobility (electrons) 2000 cm2/V/s 1350 cm2/V/s

Mobility (holes) 1600 cm2/V/s 480 cm2/V/s

Displacmt Energy (e-) 43 eV/atom 13 à 20 eV/atom

Pairs Creation 13 eV 3.6 eV

Charge Coll.  Dist. 200 – 500  m …m

Mean signal (MIP) 3600 e- / m 8900 e- / m

Dielectric Constant 5.5 10 à 12

Thermal Conductivity 33.2 W/(cm·K) 1.3 W/(cm·K)

Very few manufacturers (industrial)
Industrial secrets
Commercial interest ?
Reproducibility

CVD diamond already tested as pixel sensors
By ATLAS (pCVD) By CMS (sCVD)

Correct…
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But :
Results mostly about ONE single prototype 

from ONE single manufacturer 
TWO diamonds from the same manufacturer may be different

(reproducibility is never guaranteed)
THREE important parameters : - growing method

- surface finishing
- assembly

The fundamental problems is : Understanding what makes a ’’good’’ diamond

MONODIAM-HE Project  (ANR-12-BS05-0014)

Work with a laboratory expert in growing diamonds (LSPM – Paris)
- growing sCVD and comparison with industrial sCVDs
- Understanding the important parameters
- Improving the quality (for tracking at HE)

Observations and  needs :
- HV limit (should correspond at least to 1 V/)
- CCD > 280 (should lead to 10 000 e- / MIP)  
- Polarization (not always observed ?)
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1. Growing conditions : Nitrogen impurities

Adding Nitrogen :
Strong effect on growth rates (up to 100 µ/h )

Twinning at the edges
Limitation of twinning at the surface
Effect on CCD

(incorporation of N2 in the crystal)

Increasing N2 impurities

Industrial sCVD
(no N2 ?)

Laboratory sCVD
(2 ppm N2 )

Prototypes made at LSPM with variable N2 contents
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thickness N2 cont. CCD 
max.

CCD
Norm.

HT Lim

518 0 512 99 500

582 0 499 86 500

500 0,5 530 106 500

430 1 412 103 400

452 1 550 122 500
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Optimal : 0 to 1 ppm

Study made on several prototypes
- same laboratory (LSPM)
- same growing protocol
- same finishing
- same metallisation
- variable N2 contents
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2. Surface finishing

Evaluation of the quality of a diamond detector :
Measurement of the CCD using MIP (90 Sr)
Need : 10 000 e- :  CCD ≈  280 – 300µ

≈ 100% for a 300µ sCVD

Example :
Industrial sCVD
Thickness : 635 µ
CCD about 600 µ

Observation :
2 possible problems :

- CCD not correct (less than 10000 e- )
- High voltage limitation (less than 1V/µ )

Possibility ?
CCD related to defects (traps) in the bulk
HV limitation due to surface problems

Use 4 LSPM prototypes sCVD (MM7- 1 to 4)
grown under the same conditions
in the same reactor
at the same time
prepared the same way (same company)

laser cut to separate the HPHT seed
precise polishing

Cleaned
metallised (Cr-Au) in laboratory
Measured (CCD and HV limts)

Use 1 industrial (good) sCVD (IND-1)
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Reprocessing :
MM7-1  : precise re-polishing by another company (specialized in pCVD)
MM7- 2 : re-etched by RIE at laboratory
MM7- 3 : Terminated by VUV (172nm) in O2 flux 
MM7- 4 : untouched . For calibration 
IND - 1  : badly re-polished (on purpose)

And metallisation Cr-Au

Before reprocessing After reprocessing Observation
sCVD Side 1 Side 2 Side 1 Side 2

IND - 1 500V 600V 500V 300V degradation
MM7-1 600V 400V 600V 400V same
MM7-2 200V 400V 400V 500V Improvement
MM7-3 100V 100V 300V 100V Little improvement
MM7-4 500V 350V 500V 400V same

On HV Limits

As good as it is , polishing may not be enough…
Reactive Ion etching
Ozonization
(and probably very agressive cleaning)

Seems to be having an effect on the HV limitation
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Reprocessing
has a little effect on CCD
(given the measuerment

uncertainties)

Conclusion :
- CCD is related to Bulk quality
- HV limitation is related to surface quality

and may be improved.
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3. Metallisation Metallisation needed for contacts (wire bonding or bump-bonding)
Early prototypes showed a Schottky Diode Behaviour
Extensive researches on diamond contacts

see, for example «

Use Two (industrial) reference detectors
metalised Cr-Au
Tested on different benches

Cleaned
Metallisation (pulverisation)
Tests : Cr- Au

W
Cu
Al
In (Cu-In)

At LSPC-Grenoble 
Metal deposition by
by microwave plasma-assisted sputtering
Cleaning by 
2 steps of plasma-assisted cleaning

At Icube - Strasbourg
Metal deposition by
Vacuum evaporation 
Cleaning by 
Hot H2S04 – KNO3
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Cr-Au : HT limits 500V     / 400V
CCD       440 µm / 420 µm

W : HT limits 500V / 450V
CCD 440 µm / 420 µm

Al : HT limits 500V / 500V
CCD 440 µm / 440 µm

Cu : HT limits 500V     / 500V
CCD 425 µm / 425 µm

Cu-In : HT limits 500V / 500V
CCD 410 µm / 410 µm

Cr-Au W Al

Cu Cu-In
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Ti-Au AlW

Cu Cu-In

Ti-Au : HT limit 500V     / 500V
CCD       380 µm / 380 µm

W : HT limit 500V     / 500V
CCD 425 µm / 425 µm

Al : HT limit 500V    /  500V
CCD 460 µm / 460 µm

Cu : HT limit 500V     / 500V
CCD 410 µm / 410 µm

Cu-In : HT limit 500V / 450V
CCD 410 µm / 420 µm

Various metallisations have very little effect on CCD 
(Schottky element already stabilized by cleaning ?)

HT limit related to surface quality
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4. Bulk Studies By Cathodo-luminescence at low temperature
(electron beam 10kV, 7nA – T=110°K)
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Radiation 
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One can see clearly the presence of Nitrogen
There are extended defects in all diamonds
Test under source (74 MBq ) induces damages: Radiation hardness ?
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HPHT seed
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Growth Side
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More extended defects on the nucleation side (HPHT mirror effect)
Even the sCVD are asymetrics (known for the pCVDs)

(with consequences on the CCD)
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5. Bulk and surface Studies By Images (Fluorescence / polarised light / X-ray Tomography)

LSPM – 0 ppm N2
results on CCD OK

LSPM – 1 ppm N2
results on CCD OK

Industry
results on CCD very good

All sCVD show defects
- deep dislocations
- bad polishing
- N2 incorporation
- …
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6. Long term effects – ‘’Polarisation’’ ?

Long term measurement leakage current at max field ( ≈1 V/µm)

Total time : 3mins

Back to normal after 20 mins

Slow and continuous increase over 100 hours (about 15%)

Total time : 3 hours

74 MBq source
Clear source effect
‘’ slow ‘’ discharges (charging – discharging of traps)
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Total time : 100 h

Total time : 100 h
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Difference between sides
Lower CCD on the nucleation side
More defects (traps) on the nucleation side

For a ‘’good’’ (industrial)  sCVD
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Strong difference between sides
More defects (traps) on the nucleation side
Could be a way to evaluate the defects rate ??
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Conclusion and prospectives (?)

We have started to adress fundamental problems :

Diamond bulk effects
impurities (Nitrogen – Boron)
bulk defects importance

defects rate have to be understood, and under control
some ideas exist : 

differential growing, immediate anealing, disorientation)

Diamond surface effects
surface finishing
metallisation

problem considered as solved (?)

Be optimistic…. And stay tuned…

The main lesson :
True :     

Developpements in the Research Community may lead to 
Industrial Developpements.

Wrong : 
Objects developped in the Industrial World can be easily used in the 

Research Community.


