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What is PET?
Positron emission tomography

Imaging the (β+)radioactive agent density 
distribution via detection of pairs of 
annihilation photons
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Connecting lines 
reveals the source



Main resolution limitations ➢Positron range
(isotope β-spectrum)

➢Non-collinearity

➢Parallax error
(depth of interaction) ➢Crystal pitch

➢Coding error
(light sharing)

v
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Isotope properties

Detector effects 



Other challenges
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Ideal detector

Real detector

Noise

True coincidences

Scattered

Random

Multiple

Efficiency:
• Geometric

• Detection (squared)

• Recording (DAQ system)

• Scattering (in detector)



Timing in PET
TOF
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• Narrow coincidence window

➢ Lower random noise

• Reduced ROI

➢ Faster convergence

➢ Reduced scattered noise

• Real-time functional imaging

Less noise = better contrast with smaller doses for patients



Current state of the field

• Depth of interaction (DOI) 
to reduce the parallax effect 

• Hybrid imaging (PET-CT, MRI-PET)

• Timing >200 ps

• Spatial resolution >1 mm

• Frame rate <1 fps
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• Real-time cardiovascular PET imager

• Visualize blood flow in the heart: 
• >4fps online, 

• 100 fps offline

• Spatial resolution ~0.3 mm

• Temporal resolution <300 ps
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• Monolithic crystal with laser-engraved cells (UC3M Madrid know-how)

• DOI determination with limited light sharing

• Hexagonal SiPM arrays read-out with Temporoc ASIC (Weeroc)

• Deep-learning algorithm to mitigate positron range noise

• Simulation and algorithm built by UCM Madrid

8Laser-engraved LYSO crystal

Hexagonal Hamamatsu SiPM array



Temporoc 2 – ASIC for SiPM readout for TOF PET
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• Detector non-uniformity
correction

• Trigger Filtering
• Time of Arrival Measurement
• Energy Measurement



• Temporoc2 soldered on the 
adaptation board
• Coincidence between two ASICs

• Flexible connection to the SiPM

• Xilinx FPGA Zynq operates the 
ASICs, ensures IO with PC software

Evaluation system (v2)
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SiPM

Temporoc modules Adaptation board

Xilinx evaluation board

SiPM on flexible 
cable



Test bench at Weeroc
• Dark box with optical table

• Temperature controlled

• High-resolution oscilloscope (Lecroy),

• Pico-second pulsed laser (NKT),

• Keithley power supply, Picometer, 

• Na-22 source

• DAQ software running on PC
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Preliminary results
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Preliminary test with v1 evaluation system:
• 2 x (1 ASIC + 1 FPGA), synchronized with external trigger

• One small LYSO crystal (3x3x5 mm) – 7% resolution 
(FWHM)

• One large monolithic crystal (no segmentation) – 18% 
resolution (FWHM)

511 keV

1274 keV

511 keV

Pedestal subtracted Pedestal subtracted

Small crystal

Large crystal

Low-gain shaper amplitude



Preliminary results

• Evaluation system v1
• Coincidence time resolution (CTR): 

340 ps (FWHM)
• Events in photopeak taken in both 

crystals

• Tests with new evaluation system 
ongoing
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Time difference ASIC A – ASIC B [ns]
(separate evaluation boards)



Summary and future plans

• RETIMAGER project promises unsurpassed resolution for 
cardiovascular PET

• Temporoc ASIC developed for time and energy measurement

• Issues found in Temporoc2 ASIC
• Temporoc3 is currently in the foundry! 
• Chips expected by November

• Further tests to do with double-ASIC evaluation system

• Tests with segmented crystals WIP
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Thank you!
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