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The PETsys TOF DAQ version 2 board (Fig. 1) is the core of the data acquisition system. It 
is equipped with a Kintex-7 FPGA, it collects data from the FEB/D boards, and transmits the 
data to the DAQ computer using four PCI express 2.0 bus lines. One FEB/D-1024 board (Fig. 
2) collects data from up to eight Front-End Modules FEM128 equipped with TOFPET2 ASICs 
[1]. Up to twelve chains of FEB/D boards can be connected to the DAQ board using 12xCXP/
SFP high-speed optical links transmitting data at 6.6 Gbps. The maximum event transfer rate 
per link is 100 M events/s. The maximum event tare to the DAQ computer is 250 Mevents/s. 
The DAQ board can accept an external veto signal and will distribute this veto signal to the 
FEB/D boards causing these to ignore all events received from the ASICs. The DAQ board also 
distributes the ASIC configuration signals over the optical links. 

The fan-out box (Fig. 3) provides clock and sync signals to the FEB/D-1024 boards. It is 
connected to the DAQ board with a HDMI (A-A) cable. Twelve HDMI serial links between 
the fan-out box and the FEB/D boards distribute the system clock (160-200 MHz), and the 
synchronisation signals. 

Several FED/D boards can be daisy chained. In this way the DAQ board and the FEB/D 
boards together form a complete and scalable data acquisition system that can handle tens 
of thousands of SiPM channels. If less than 12 FEB/D-1024 boards are needed the layout is as 
shown on Figure 4. If more than 12 FEB/D boards are required, the clock and sync signals are 
distributed using a several fan-out boards arranged in a tree architecture as shown in figure 4 
of the flyer about the readout chain. 

Figure 2: FEB/D-1024 board.
The FEB/D collects data from the 

ASICs in the Front-End Moules and 
transfers the data to the DAQ board 

using SFP optical links.

Figure 1: DAQ Board. >> 
The DAQ board transmits data to the 
DAQ computer using four PCI express 

2.0 bus lines..
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[1] A. Di Francesco et al., 2016, JINST 11,C03042

Figure 3: Fan-out box.
 The fan-out box receives clock and 

synchronisation signals from the DAQ 
board and distributes these signals to 
the FEB/D boards using HDMI cables



• Single PCIe board providing data acquisition with TOF ASICs.
• Equipped with Kintex7 FPGA.
• Compatible with PETsys Front-End Modules and FEB/D boards.
• Twelve optical links receive data from twelve FEB/D boards or FEB/D 

chains. 
• Distributes clock frequency 160-200 MHz.
• Distributes configuration files for the ASICs.
• Maximum total input event rate: 100 M events/s per input link.
• Maximum data output rate to the DAQ computer: 250 M events/s.
• A configurable coincidence filter is implemented in the firmware.
• Collects data for random correction in the firmware.
• Reads temperature sensors in the Front-End Modules.
• Reads of TOF ASIC dark counters.
• Accepts anexternal veto signal and distributes it to the FEB/D boards.

Main features of the TOF DAQ board:
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Coincidence filtering in the FPGA
   A configurable coincidence trigger is implemented in the FPGA of the DAQ board. It is 
based on event time and total event charge information. The event time has a resolution 
of 1 clock cycle (5.0 ns). The total detector area is subdivided in a configurable number of 
maximum 12 trigger regions. The smallest trigger region corresponds to the data stream 
from one optical link. 

The default coincidence trigger mode is as follows:

- It searches the event streams for events which have a Charge > Min_charge.

- If two events with Charge > Min_charge are found within a time difference of less then 
N clock cycles, and these two events belong to different trigger regions, there is a valid 
coincidence event. The value of N can be 1, 2, 3 or 4.

- If there is a valid coincidence event, all events in a configurable time window are accepted. 
The default time window begins 1 clock cycle before the trigger event, and ends 16 clock 
cycles after the trigger event. 

Data collection for random correction
Two methods are implemented for collecting data for random correction:

- Wide coincidence window: The coincidence window can be set to a value larger than 2 
clock cycles, allowing the collection of more random events; this is broadly equivalent to 
the delayed window method.

- Periodic single trigger: In addition to coincidences, the trigger can select all events in a 
window of 10 to 100 clock periods every 1025 clock periods. The 1025 clock periodicity 
ensures that the data collected is de-correlated from the systems’ 1024 clock frame period.

What is supplied
   Unless agreed otherwise, a DAQ board ships with one fan-out box, one 1 m long HDMI 
cable (A-A), and a 5 m long 12xCXP/SFP optical cable. It also comes with all the software 
and firmware for acquiring data. 
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Figure 4: Readout architecture.
Readout architecture if 12 or less 

than 12 FEB/D-1024 boards are 
needed. If more than 12 FEB/D 

boards are required, the readout 
architecture is shown in figure 4 of 
the flyer about the readout chain.


