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Hybrid pixel 
detectors

Medipix* Collaboration (based at CERN) develops hybrid pixel 
detectors for particle tracking and X-ray imaging. 

INFN is an official member of the Medipix4 Collaboration since 
November 2020 (Medipix4 and Timepix4 ASICs)

Advantages of hybrid approach:

● Standard CMOS can be used (follow industry)
● Sensor material can be changed (Si, GaAs, CdTe..)

Developed two chips (Medipix4 and Timepix4) Through-Silicon 
Vias prepared to build large-area detector

*https://medipix.web.cern.ch/

https://medipix.web.cern.ch/


Timepix4 
readout

Data-driven
● Event-based readout, sending only 

relevant data (particle hits)
● Zero-suppressed continuous 

acquisition, up to 10.8 kHz/pixel
● Time-of-Arrival, sub-ns time binning 

<200 ps 
● Time-over-Threshold 11-bit dynamic 

range with ~200 e-
rms resolution 

Frame-based
● Full frame readout with continuous 

read-write (CRW)
● No zero-suppression (no pixel 

address sent)
● Frame rate limited by bandwidth, e.g. 

44.6 kfps @ 163.84 Gbps (16 bit)
● 8-bits or 16-bit counter depth up to 5 

x 10⁹hits/mm²/s

Two different read-out modes:

Ferrara fully developed a data acquisition system based on FPGA and its software.



Hands-on 
activities - 
Energy 
calibration

● ToT spectra need pixel-by-pixel 
calibration for energy conversion.

● Calibration requires a known X-ray 
energy source (mixed calibration).

● Possible sources include:
● Synchrotron radiation [1]
● X-ray fluorescence emission [2]
● Quasi-monochromatic systems [3]

[3] S. Velardita et al JINST under review

[1] P. Delogu et al 2024, NIM A 1068 169716
[2] A. Feruglio et al 2024, ll Nuovo Cimento C 47

https://www.sciencedirect.com/science/article/pii/S0168900224006429
https://en.sif.it/journals/sif/ncc/econtents/2024/047/05/article/65


Hands-on 
activities - 
Frame-based

Acquisition Parameters

● Tube Settings: 25 kVp, 60 mA
● Acquisition:

○ 6s Dandelion
○ 6s Flat-field

● Hit Rate: 15,000 hits/pixel/s
● Timepix4 Settings:

○ Bias Voltage→ -350 V
○ Threshold→ 3.36 keV



Hands-on 
activities - 
Frame-based
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Scalable 
large-area 
detector

● Build large-area detectors by combining smaller modules
● 4-side buttable pixel arrangement allows seamless module 

integration
● Through-Silicon Vias (TSV) technology enables this 

paradigm shift
● Periphery integrated inside the pixel matrix



Energy 
calibration 
pixel-by-pixel



Quasi-mono
chromatic 
system at 
INFN Ferrara

Bragg’s law: 2dsinθB=nλ, n = 1

[3] S. Velardita et al JINST under review


