Proposal for 4DMPET front end architecture v0.1
1
Modular block construction concept
Single scintillating crystal 48 × 48 × 10mm

SiPM readout on both faces, 16 × 16 pixels of size 3 × 3mm
Faces readout identical and independent, with both time and energy measurement for every pixel
Fibre-optics for control and data communication

Magnetic resonance imaging compatibility (no chip packages, no connectors)
Final block design must include direct cooling of ASIC’s for temperature control and stability
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Figure 1
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Figure 2
1.1
Face readout board concept

Four identical front-end (FE) mixed-mode ASIC’s connected to the SiPM tiles through the readout board. The FE ASIC’s transmit data to a single cluster processor (CP) ASIC for data reduction. The CP ASIC is connected to a laser driver / photodiode receiver / clock reconstruction (LD) ASIC for communication with the external data acquisition system through fibre-optics. All ASIC’s are mounted and wire-bonded without package and then encapsulated after testing for protection and to permit top-side contact cooling. Passive components must be MRI-certified. Board layout, power supply cabling and grounding must take into account the need for magnetic resonance compatibility.
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Figure 3 (NB all component dimensions are completely arbitrary at this stage)

2
Front-end architecture
The front-end ASIC’s amplify the signals from the SiPM pixels. The ASIC’s are self-triggering, so that when the signals received are found to correspond to a valid event the ASIC proceeds with the conversion of the event and the transmission of the event to the cluster processor. Each channel of the FE ASIC is represented schematically in figure 4.
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Figure 4

2.1
Trigger requirements
The basic premise of the trigger comes from the simulation of the single photon arrival times for the default scintillator choice (LYSO) which has a decay time constant of 40ns [ref].It is not possible to trigger on single photons due to a high background rate of single photo-electron events in SiPM detectors of around 2MHz / mm2 [ref]. This means that at least N photons must be observed within a short time window (order of 10ns) before an event trigger can be generated. Figure 5 shows the simulated photon arrival times for different trigger scenarios.
The single threshold histogram (black line) shows the distribution of the time when the first pixel in an event reaches three photo-electrons. This would be the case of each channel having a single comparator that fires when three photo-electrons are observed within the given time window and no requirement is made on the number of channels above threshold. Since the desired time resolution for a PET-TOF measurement is 100ps [ref] it is clear that this approach is totally inadequate.
The proposed approach, as seen in figure 4, is to have a double-threshold architecture. For every channel the TDC must measure the time when the input signal reaches the threshold for a single photo-electron but that the data will not be passed on, or the ADC triggered, until the input signal reaches a second, higher threshold (for example, three photo-electrons). If the high threshold is not reached within the given time window then the TDC must reset and wait for the next low threshold event. The blue curve in figure 5 shows the timing distribution for a single face using the double threshold approach, and the red curve shows the timing distribution taking the first pixel time chosen from the two faces. It is clear that this approach can reach the desired time resolution with the chosen crystal, albeit without any safety margin, and that best performance is achieved when the timing information from both crystal faces is used.
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Figure 5
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