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Why to study detectors for CT? 

·CT is an imaging modality  

Ɓallows the acquisitions of structural images 

Ɓmore and more used nowadays: medical imaging and 

microCT 

 

·Improve the image quality and enhance the 

information from a CT scan is a challenge 

ƁSpectral CT  

¶gives additional (quantitative) information  

¶important for some applications:  e.g. functional CT  

¶further developments are needed 

¶detectors typically fulfil the users demand only partially 
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Medipix2 

·Hybrid Pixel Detector - Quad assembly 

 

ƁActive area Ғ 2.8 × 2.8 cm2  

ƁSi sensor layer = 300 µm 

Ɓ512 × 512 pixels 

Ɓ55 µm pixel pitch  

ƁFramerate:  up to 25 fps 

ƁCounting mode 

ƁThreshold for energy discrimination 
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Medipix2 

·Characterization measurements 

ƁEnergy resolution Ғ 23% @ 8.64 keV 

¶Below 2.4 keV for wide range of energies (8.64 - 33.44 keV) 

ƁHigh spatial resolution and contrast resolution  (M=1.9) 

¶16.6 lp/mm are distinguishable with 27% of contrast 
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Micro-Hole and Strip Plate - MHSP 

·Double sided structure 

ƁGEM 

ƁMS 

·E inside the holes and 

between the anodes and 

cathodes 

Ɓ2 charge avalanches 

¶=> high gain 

 

 

·Sensitive area: 

Ɓ2.8 × 2.8 cm2 

5 IWORID 2012, Figueira da Foz 

 

MHSP 

Motivation 

Medipix2 

EWT 

CT Systems 

Conclusions 

Future Work  

BMD 

CT Images 

05-07-2012 



MHSP 
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MHSP 

·MHSP provides: 

ƁStorage of each single photon information 

ƁHigh gains ð 104-105 

ƁFast charge collection ð 10 ns 

ƁHigh rate capability > 0.5 MHz/mm2 

ƁHp operation capability 

Ɓ2D intrinsic capability ð  ̀Ғ 125 µm 

ƁGood energy resolution (gas det.) ð 13.5% @ 5.9 keV 
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Energy Weighting Technique 

·Integrating 

 

·Counting 

 

·EWT 
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X-Ray applying EWT - MHSP 

Counting 

EWT 

Integrating 

C.A.B. Oliveira et al., IEEE TNS(2009)  
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Basis Material Decomposition 

·Decomposition of simple materials or composite 
materials 

Ɓareal density, ak 

 

 

 

 

Ɓknowledge of the materials 

Ɓsolving the set of linear equations by giving Õõik 

¶coefficients must be linearly independent 

 

Ɓusable only for two different materials 
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Computed Tomography System 

Medipix2 
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·50 kVp, cone beam ð 4.4º 

·Acquisition synchronized 

with rotational motor 

 



Computed Tomography System 

Medipix2 
Ɓ25 µm voxel size 

Ɓ30 µm Al distinguishable 

with 63% contrast 

¶Const. paper thickness with 

variable Al thickness 
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Computed Tomography System 

MHSP 

·Acquisition synchronized 

with rotational step motor: 

Ɓ1.8º rotation step (200 views) 
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Computed Tomography Images 
PMMA Phantom + chalk + air 

PMMA Phantom + chalk + brass 
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Phantom: paper + al 

PMMA Phantom + Al + Graphite 

MHSP Medipix2 

The presented images were acquired with different photon statistics 

and reconstruction was performed with different software 

Time of 

acquisition: 

2 s/view 

400 views 

Time of 

acquisition: 

2 s/view 

800 views 

Time of 

acquisition: 

5 s/view 

200 views 

Time of 

acquisition: 

5 s/view 

200 views 



Energy Ranges Selection 

MHSP 
·Phantom + chalk + brass 

Integrating
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CT applying EWT - MHSP 

Integrating to Contrast Enhanc. SNR Enhanc. CNR Enhanc. 

Counting 1.08 1.10 1.11 

EWT 1.23 1.22 1.31 
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BMD - Medipix2 

· Two basis materials well distinguished with densities 
corresponding to the expected value 

ƁPMMA and Graphite are Carbon based 
¶rPMMA Ғ 1.3 g/cm3   (rrealPMMA =1.19 g/cm3 )  

¶rGraphite Ғ 2.1 g/cm3  (rrealGraphite
 =1.67 g/cm3) 

ƁAluminum 
¶rAl Ғ 1.9 g/cm3  (rrealAl =2.7 g/cm3) 
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Conclusions 

·Both detectors present photon counting 

capabilities with energy information 

ƁGood spatial resolution 

ƁGood energy resolution 

ƁHigh count rate capability 

 

·Both are a solution for energy resolved imaging 
 

·EWT and BMD were possible with these detectors 

showing good results 

¶31% CNR enhancement 

¶Decomposition of Al and Graphite 
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Conclusions 

·Both detectors provide similar functionalities with 
distinct strengths 

 

·Medipix2 is very suitable for applications with focus 
on high spatial resolution, e.g. : 

Ɓstructural material analysis (CT) 

Ɓsmall animal imaging (CT) 

 

·MHSP is very suitable for applications with focus on 
good energy resolution and data flexibility, e.g. : 

Ɓfluorescence imaging 

Ɓsmall animal imaging (CT) 

05-07-2012 IWORID 2012, Figueira da Foz 19 

Conclusions 

Future Work  

Motivation 

Medipix2 

MHSP 

EWT 

BMD 

CT Systems 

CT Images 



Future Work 

·MHSP 

ƁImprove image quality  

¶non-uniformity correction  

¶increase detection efficiency (Hp Xe and/or Kr) 

ƁApply BMD 

·Medipix2 

ƁImprove image quality  

¶energy calibration for each pixel 

¶improve THL mask ð higher thresholds 

¶temperature stabilization 

ƁApply EWT  
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Thanks for your attention 
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Count rate capability 

·Less than 5% variation @ G = 104  

·No visible variation       @ G = 3000 

5x105Hz 
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Micro Hole & Strip Plate 

·Good performance at high pressure 

 

 

 

  

  

 

¶High gain for pure xenon   

¶1 bar => G = 5 x 104  

¶5 bar => G = 5 x 102   

___ MHSP 

----- 3-GEM 

___ MHSP 

----- 3-GEM 

FD Amaro et al., JINST (2006) 1 P04003 
A. Buzulutskov, NIMA 494 (2002) 148  
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