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The ATLAS Insertable B-Layer has been the first High Energy Physics 
experiment using 3D sensors, a real milestone for this technology. The high radiation 
tolerance of 3D sensors with relatively low power dissipation was confirmed, and the 
feasibility of medium volume productions with an acceptable yield was 
demonstrated. These accomplishments paved the way for using 3D sensors in other 
pixel detector systems in Phase 1 upgrades at the LHC (e.g., AFP and CT-PPS), and 
made them a very appealing option also for the innermost tracking layers at the High 
Luminosity LHC.  

The latter application involves very high hit-rate capabilities, increased pixel 
granularity, extreme radiation hardness, and reduced material budget. Compared to 
existing 3D sensors, the future ones will have to be geometrically “downscaled” by 
about a factor of two, involving smaller pitch (e.g., 50×50 or 25×100 µm2), shorter 
inter-electrode spacing (~30 µm), narrower electrodes (~5 µm), and reduced active 
thickness (~100 µm). The development of a new generation of 3D pixel sensors with 
these challenging features is under way by different groups in Europe, in 
collaboration with processing facilities like FBK (Trento, Italy), CNM (Barcelona, 
Spain), and SINTEF (Oslo, Norway).  

Prototypes of small pitch 3D sensors compatible with existing read-out chips, 
like the ATLAS FE-I4 and the CMS PSI46dig, were already fabricated at CNM and 
FBK. Several pixel modules were assembled and tested in laboratory and in beam 
tests at CERN and Fermilab during the last year, showing high hit reconstruction 
efficiency already at low voltage. Preliminary results from irradiated modules are 
very encouraging and more systematic radiation tests are under way. Moreover, new 
batches including pixel sensor compatible with the new RD53A read-out chip are 
being processed at all facilities. 

This talk will address the main design and technological issues for small pitch 
3D sensors. Selected results from the electrical and functional characterization of the 
first prototypes before and after irradiation will also be reported. 
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The exceptional physical properties of diamond make it an excellent material for detector 

applications. At RT intrinsic diamond is a perfect insulator thus an analogy to the solid-state 

ionization chamber. Simply by applying metal contacts to the parallel surfaces of the diamond 

slab and biasing renders radiation detection feasible with suited readout electronics. Parallel 

plate type diamond detectors are being developed since 90ties, in this talk a new type of 

advanced diamond detectors are going to be presented. Membrane Detectors: Using deep 

argon/oxygen plasma etching technique self-supported large area and a few micrometres thick 

single crystal (sc) chemical vapour deposition (CVD) diamond membranes are routinely produced 

at Diamond Sensors Laboratory of CEA-LIST. Produced membranes are subjected to a standard 

techniques used in diamond radiation detectors preparation: hot acid cleaning, plating with metal 

and carbon contacts (including patterning with photolithography) and connection to the read-out 

electronics aiming at characterization of their electrical properties. Despite presence of non-

negligible amount of atomic impurities within the bulk, scCVD membrane detectors exhibit: stable 

operation, charge collection efficiency close to 100%, homogenous response, and extraordinary 

dielectric strength up to 250 V/micron (2.5 MV/cm). 3D detectors: Although the concept is known 

from silicon detectors, a unique fabrication technique of 3D diamond devices is employed here 

using femtosecond VIS laser pulses to locally convert almost perfect insulating diamond into 

conductive amorphous-carbon. Various structures (electrodes) can be 3D engraved within the 

diamond bulk with a sub-micron precision using spatial light modulation and parallel processing 

techniques.  Fast progress (development stared from scratch several years ago) in the fabrication 

techniques allowed a construction of fully functioning 3D prototypes successfully tested in various 

particles beams. Compared to the conventional planar geometry detectors, 3D diamond 

detectors are characterized by higher radiation hardness and speed. Applications: Several 

applications of diamond membrane detectors and 3D diamond detectors are going to be 

discussed and results from their performance presented, including: (i) particle tracking in high 

energy physics, (ii) X-ray beam monitors for low energy X-rays at modern light sources, (iii) 
external ion micro-beams monitors for radiobiological studies, (iv) microdosimetry and dosimetry 

in radiotherapy (v) avalanche ionization and charge collection recovery at high electric fields 
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For the outstanding properties of semiconducting diamond to be fully explored in electronics, 
the growth of thick single crystal films having a low defect density and a controlled doping level is 
essential. Plasma Assisted Chemical Vapour Deposition (PACVD) offers a unique way to fabricate 
complex diamond structures in which the thickness and purity of the different stacked layers can be 
accurately controlled. This technique has witnessed tremendous progresses in the past decade, 
allowing the synthesis of millimeter-thick diamond layers [1]. However producing CVD diamond films 
with a low and reproducible dislocation density (< 104 cm-2) still remains a challenge. Indeed, in spite 
of the high crystalline quality of the material as judged by high resolution X-ray diffraction [2], 
birefringence pictures and plasma etching of the surface reveal high dislocation densities. Innovative 
strategies aiming at reducing the amount of extended defects incorporated have thus been developed 
and will be presented in this presentation. 

[1] A. Tallaire, J. Achard, F. Silva, O. Brinza, A. Gicquel, Comptes Rendus Physique 14, 169-184 (2013). 
[2] R. Issaoui, J. Achard, F. Silva, A. Tallaire, M.A. Pinault, F. Jomard, A. Tardieu, A. Gicquel, Appl. Phys. Lett., 97, 182101 (2010). 
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The MoniDiam project of the LPSC laboratory is part of the French national collaboration CLaRyS for 
the on-line monitoring of hadron therapy. It relies on the imaging of nuclear reaction products that is 
related to the ion range. The goal here is to provide large area detectors with a high detection 
efficiency for carbon or proton beams giving time and position measurement at 100 MHz count rates 
(beam tagging hodoscope). High radiation hardness and intrinsic electronic properties make diamonds 
reliable and very fast detectors with a good signal to noise ratio. Commercial Chemical Vapor 
Deposited (CVD) poly-crystalline, hetero-epitaxial and monocrystalline diamonds were studied. Plasma 
microwave aluminum metallization is performed at the LPSC laboratory. Their applicability as a particle 
detector was investigated using α and β radioactive sources, 95 MeV/u carbon beams and bunches of 
8.5 keV X-ray photons from the European Synchrotron Radiation Facility (ESRF). This facility offers the 
unique capability of providing a focused (~1 µm) beam in bunches of 100 ps duration, with energy 
deposition almost uniform in the irradiated detector volume, therefore mimicking the interaction of 
single ions. A signal rise time resolution ranging from 20 to 40 ps rms with an energy resolution 7 to 
10% were measured. This enabled us to conclude that polycrystalline CVD diamond detectors are good 
candidates for our beam tagging hodoscope development. The final detector will consist in a mosaic 
arrangement of double-sided stripped diamond sensors read out by a dedicated and fast integrated 
electronics of ~1800 channels. 


