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Talk outline

Introduction: Diamond Detectors 

'Large Area’ (LA) pcCVD: Experimental results (GamHadron) 

3D Diamond Detectors: Status after 5 years of ‘no-funds’ project 
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Introduction: Why Diamond

radiation hardness (26 MeV p)

leakage current after irrad.drift velocityspectroscopy time res. 
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Introduction: Diamond Material

polycrystalline CVD diamond (pcCVD): 
- atomic imurities [N0] ! trapping 
- grain bundaries 2D ! ‘erratic’ currents, trapping 
- inclusions (?) 
best CCD/CCE: CCD ~300 microns (10k e/mip) (counting) 
commercially available from Diamond Mat., E6, others(?)  
up to 8 cm diam., price: ~ 1.5kGBP (10x10x0.5 mm) EL

single crystal CVD diamond (scCVD): 
- atomic impurities [N0] ! trapping 
- dislocations ! limited trapping, erratic currents, breakdown 
- inclusions ! erratic currents, breakdown 
commercially available from e6, IIa techn. 
up to 8x8 mm, price: ~ 1.5kGBP (4.5x4.5x0.3 mm) EL 
R&D: 2 inch mosaic wafers (S. Shikata, Japan) 
best CCD/CCE: 100% CCE for EG (500 microns) (spectroscopic) 

diamond on iridium DoI (CVD): 
- atomic impurities [N0] 
- dislocations 1D (high density) - trapping 
- inclusions(?) 
R&D: 2x2 cm samples produced (Augsburg Univ.) 
best CCD/CCE: approaching 100% (h) (almost spectroscopic) 
     low ~20% (e)  
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Introduction: Parallel Plates Diamond Detector

Ramo Current (traversing particle const. dE eg. a mip)

Schematic:

 courtesy E. Griesmayer

36 e-h/micron per mip
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Large Area pcCVD: GamHadron 
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Large Area pcCVD: GamHadron 
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Large Area pcCVD: GamHadron 
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Large Area pcCVD: GamHadron 

diamond part co-authors@CEA-LIST: Benoit Caylar, Dominique Tromson, Philippe Bergonzo 

cm
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Large Area pcCVD: Diamond Hodoscope 
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Large Area pcCVD: Electronics and DAQ 
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Large Area pcCVD: Beamtime setup 
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Large Area pcCVD: Charge Collection Spectra 
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Large Area pcCVD: Time Measurements 
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Large Area pcCVD: Detection Efficiency 
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Large Area pcCVD: High Rate
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Large Area pcCVD: Summary
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3D Diamond Detectors – 3DDD

3DDD contributors@CEA-LIST: Benoit Caylar, Dominique Tromson, Philippe Bergonzo 
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3DDD – How to create conductive buried electrodes

1. holder-diamond interface 
- graphitisation threshold 

2. focal within the bulk 

3. diamond-air interface 
-     surface damage

IIa

diamondglass

translation

fwebcam 
or 

 Si ph-diode

back surface (f entrance)

front surface

337nm

x20

photoluminescence

laser beam

ns, ps, fs 
VIS-IR, few microJ
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3DDD Some History
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3DDD – Femtosecond laser processing examples

all-carbon detector, 3D printing of 3DDD(!), S. Lagomarsino, INFN

Appl. Phys. Lett. 105, 231105 (2014)
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3DDD – Graphitic columns - Structure



Michal Pomorski, CEA-LIST, Journée d’etude sur les détecteurs diamant, 09 June 2015, LPSC Grenoble

0.022 Ωcm reported in Appl. Phys. Lett. 105, 231105 (2014)

3DDD – Graphitic columns - Resitivity

AFM measurements courtesy J. Alvarez (Laboratoire de Génie Electrique de Paris )
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3DDD – Charge Collection Characteristics - pcCVD

First hint for higher CCE: 2011 beamtime @ Diamond Light Source, UK 

XBIC of the pcCVD sample 

‘crude’ 3D structure, matrix of cones, covered 
with planar metal electrodes [1064nm ns YAG laser]

Raster scan with X-ray microbeam 15 keV, 4 microns spot FWHM, 10^9 photons/s
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3DDD – Charge Collection Characteristics - scCVD

First scCVD [3ns 337nm N laser, ~3microJ]:  
                                                        2012 beamtime @ Diamond Light Source, UK 

XBIC side shooting

XBIC front shooting
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3DDD – Charge Collection Characteristics - scCVD

CERN Test-beam set-up 2013

-    protons with p=120 GeV/c 
-    spill every 40 sec 
- ~4k events / spill 
- readout VA2 low-noise CMOS 
- silicon telescope for track rec. 

EG scCVD [100fs 800 nm laser, ~1microJ] 
500 microns scCVD (3D structure+strips+3D only metal pattern) 

cubic cell base size 150 microns (99 cells)

Q[e]
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3DDD – Charge Collection Characteristics - pcCVD

all content here from: http://www-adamas.gsi.de/ADAMAS03/talks/Lagomarsino_INFN.pdf

EG pcCVD [30fs, 800nm laser]



Michal Pomorski, CEA-LIST, Journée d’etude sur les détecteurs diamant, 09 June 2015, LPSC Grenoble

3DDD – Charge Collection Characteristics - DoI

all content here from: http://www-adamas.gsi.de/ADAMAS03/talks/Lagomarsino_INFN.pdf
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Summary

LA pcCVD: electronic grade pcCVD (e6) fulfil all requirements  
for hadrontherapy (C) diamond hodoscope (but need real LA) 

3D Diamond Detectors: it works!  
all-carbon detector with laser 3D printing of ready to use 3DDD 

scCVD same CCE as planar at much lower bias 
pcCVD + DoI increase in CCE for 3D geometry 

to optimise: 
production yield (~ 90% now) of the graphitic columns 

lower resistivity of columns (few kOhms for 500 microns now) 
higher radiation hardness of 3DDD to be confirmed
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Thank you for your attention!


