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Challenges Ahead 

ÅLuminosity upgrade of the LHC will increase 
the luminosity by O(2).  
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Å Luminosity ~ Radiation 
damage 

Å Need new technologies in 
the innermost layers to 
survive the radiation levels. 

Å Candidates technologies: 
ï 3D silicon 
ï Diamond 

Å Why not: 3D diamond 
 



Why 3D? 

Planar 3D 

     Motivation 

Drift distance comparable to 
mean free path of charge 
carriers in irradiated diamond. 



Why 3D? 
ÅEnhanced radiation 

hardness for 3D 
geometry proven with 
Silicon. 
 

ÅSince this is due to 
geometry the same 
should be applicable 
to Diamond. 
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3D Diamond Research 
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Lasered graphitic structures 
in pCVD (Ω10) 

Single crystal with column 
ǎǘǊǳŎǘǳǊŜ όΨммύ 

Femto second laser for 
improved graphitic 
ŜƭŜŎǘǊƻŘŜǎ όΨмнύ 

Several Prototypes tested at  
Diamond Light Source 
όΨлфΣΩмлΣΩммΣ Ψмоύ   
CERN test beam (Ω12)  
w.L ǇǊƻǘƻƴ ōŜŀƳ όΨмоύΦ 

 
 
University of Manchester,  
CEA Saclay, 
CERN,  
ETH Zurich, 
Ohio State University 

Improved laser processing 
and ¢/!5 ǎƛƳǳƭŀǘƛƻƴ όΨмоύ  



Developments in 2014 

Å Laser 
ïAfter moving to another lab laser broke down.  
ïTook a while to find the fault. 
ïPower supply related. 
ïFix found as of two weeks ago. 
ïReproduce graphitisation process. 

Å Analysis 
ïFinalised analysis of CERN test beam data, publication in final sign-off. 
ïSynchrotron and RBI proton micro-beam data still in analysis. 

Å Simulation 
ïWorking on TCAD simulation validation. 
ïParameter optimisation to match experimental data. 
ï  Validation of test-beam results. 
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Laser 

University of Manchester,  Laser 
Processing Research Center. 

Å Wavelength  = 800 nm 

Å Repetition rate  = 1 kHz 

Å Pulse duration  = 100 fs 

Å Spot size   = 10 ˃ Ƴ 

Å Pulse Energy  ~ 1 ˃ W  
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Fabrication 

University of Manchester,  
Laser Processing Research 
Center. 

ÅColumn formation starts 
at the bottom. 

ÅάtǳƭǇέ formation at the 
seed side. 

ÅSmall άŎǊŀǘŜǊǎέ observed 
on the exit side due to 
lower density of column 
material. 
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Seed  Side 

Exit Side 



Laser 

University of Manchester,  Laser 
Processing Research Center. 
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ÅIn repair most of 2014 
ïFaulty power supply 

after move to new 
location diagnosed. 
 

ÅImprovements to set-
up: 
ïIn-situ camera to track 

progress. 
ïNew bolometer. 

 
 



CERN Test-beam 

Å Proto-type 
ïStrip detector with back 

side contact 
ï3D metal only pattern 
ï3D metal + graphitic 

columns  
ïCubic cell base size 150mm 
ï99 cells 

ÅMeasure response with 200 
GeV protons. 

Å Finalised analysis Nov 2014. 
ïPaper draft in circulation. 
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Strip 
3D mask 
no columns 

3D mask with 
columns 

Read-out Bias 

Cell 



Fabrication 
ÅMetallisation  
ïPhoto-lithography,  

lift -off. 
ïTi-Pt-Au sputter. 
ïAnnealing + Oxygen 

plasma treatment. 
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ÅYield of working columns 
~ 90%. 

ÅResistivity ~ 1 W cm.  



Test-beam 

ÅCERN Test-beam set-up 
ïSPS H6 beamline 
ÅProtons with p = 120 GeV/c. 
Åspill every 40 sec  
Å~4k events per spill.  

ïSilicon telescope for track 
reconstruction 
Å4 planes of X and Y strips. 
ÅResolution few O(mm) 
ÅTwo scintillator (~1 cm2), trigger on 

coincidence. 

ïDUT primed with b from Sr90 
before measurement. 
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