
Hybrid Pixel Detectors

Trends for novel imaging techniques



Where we’ve come from

Diagnostic CT

Medipix

New Tricks

Where they’re going (medicine)

Where we’re going (technology)

Overview
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ATLAS SCT                    
(61m2 of silicon sensors)
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Ix = I0e
-mx

m = t +s +k

Diagnostic CT
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Dual-Source Fast kV-switching Dual-Layer

Well separated spectra due
to filtration

Careful dose regulation needed

Geometrical registration is an
issue

Single source device

Dose regulation is an
issue

No filtration – spectral 
overlap
Sampling gaps

Single source device

Data sets perfectly matched

Complex detector design

Poor spectral separation
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Variation with Energy

Ix = I0e
-m (E )x

mphoto »
Z 4-5

E3

Ideally, when comparing the ratio density of tumour tissue, bone density for implants etc., an
accuracy of better than± 0.5 HU is desirable.
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Dual Energy CT
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Why Dual Energy??

Bone Iodine separation - ‘Bone removal’
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Charge integration vs
photon counting

CCD system: charge integration, affected by leakage and energy spread 

count individual incoming photons, no leakage effects

e
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Electr
ic 
field
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Spectral CT – Energy Weighting

Ix = I0e
-m (E )x

mphoto »
Z 4-5

E3

Simulations show that ~ 35% reduction in dose for equivalent
image quality can be achieved
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Bump Bonding

sensor

Analogue 
amplification

Ionizing 
Particle

e-
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Digital 
processing

Chip read-out

Solder bump 
bondsPositive or 

negative 
sensor bias
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B C

Corrected imageUncorrected image

• Original image take during 10min with Fe55

• 7 flood field images (2 hours each) were taken in order to find a flat field 
correction matrix 

Image enhancement
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Change discriminator to clock

Use same config register
Can measure ToT
Can measure time to start/stop
Can photon count
Uses same ~ 500 transistors

Timepix ASIC
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Dosimetry on ISS
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Imaging capability
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Nylon Fishing line (0.1 mm)

Medipix-1 Imaging plate Medipix-2
6LiF, enrichment 90%

Amorphous 10B, 
naturally occurring 80%

Ratio between 6LiF 
efficiency and 10B is 1.28

Imaging capability
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Mars Bioimaging  small animal 
spectral CT  scanner used to image
live human tissue in trial – 2018.
Scanner uses Medipix tehnology.



10 

55µm Medipix3RX CdTe 1mm  
241Americium Spectra Charge sharing eliminated for 55 um pixels

TSVs for seamless tiling of large surfaces
Integration into small animal CT scanners

Medipix 3

o ~1400 transistors per pixel
o Simultaneous read/write
o Charge summing mode
o Colour mode













So much data –
we need one of
these…



#UofGWorldChangers

@UofGlasgow

Thank You…… Questions?
val.o’shea@glasgow.ac.uk


