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Fig. 1: PETsys Front End Module 
 Front End Module FEM128 with 

128 channels.  

Fig. 2: PETsys FEB/D-1024 
 The PETsys FEB/D is equipped with 
a Kintex 7 FPGA. The board collects 

data from 8 front-end modules  and 
sends the data to the DAQ board in 

the DAQ computer. 

Fig. 3: SAMTEC cable  
A flat coax cable assembly connects 
the front end module to the PETsys 

FEB/D_v2 board.  
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The PETsys Front-End Module is the front-end readout module for reading SiPM arrays or 
micro-channel plate photo-detectors. It is the interface between the analog signals of the 
photo-sensor and the digital  readout chain. The Front-End Module comes in two versions: 
(1) Front-End Module with 128 channels (Fig. 1) optimized for small systems with a few 1’000 
channels and a high channel data rate; (2) Front-End Module with 256 channels optimized for 
large systems with more than 10’000 channels and a lower cost per channel. Both are made-
up from three different boards : FEB/A_v2, FEB/S and FEB/I.  

The FEB/A_v2 board has one TOFPET2 ASIC with 64 channels (Fig 4). The two versions of the 
Front-End Module use the same FEB/A_v2 board as core component. The Front-End Module 
with 128 channels has two FEB/A_v2 boards and the 256 channels version has four FEB/A_
v2 boards. These boards are mounted perpendicular to the SiPM arrays, and this geometry 
makes it easier to control and stabilise the temperature of the SiPM array. The board also has 
a temperature sensor near to the ASIC.

The FEB/S board is a purely passive board adapting the SiPM array to the input connector on 
FEB/A_v2 boards . This board will be different for different SiPM arrays models. The version of 
the board shown  on figure 1 has two pairs of connectors that directly take  the Hamamatsu 
S13361-3050AS-08 8x8 MPPC array, or the KETEK 8x8 array PA3325-WB-0808. Each FEB/S 
measures 53.1 x 25.4 mm and is four-side buttable such as to allow forming a continuously 
sensitive area with almost no dead space. The FEB/S also has two temperature sensors, each 
located in the middle of the pair of connectors taking one SiPM array. The Front-End Module 
with 256 channels has two of the same FEB/S boards used in the 128 channel version.

The FEB/I manages the communication between the FEB/A_v2 boards in the Front-End 
Module and the FEB/D. The FEB/I provides the matching of data and configuration links to the 
FEB/D. This board is different for the FEN128 and the FEM256. Up to eight FEM128 can be 
connected to one  FEB/D-1024 board using a SAMTEC  HQDC-030-xx.00-TTL-SBL-1N flat cable 
(Fig3). It is also possible to plug the front-end modules directly into the FEB/D_V2.
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The PETsys TOFPET2 ASIC.
The PETsys TOFPET2 ASIC is optimised for the readout and digitization of signals from fast 

photo-detectors in applications where a high data rate and fast timing are required. The uses 
a low threshold for timing and a high threshold for accepti ng the event. Both thresholds are 
separately configurable for each channel. Every time one of the 64 channels exceeds the 
high threshold a record is created giving the channel number, the time and the charge of the 
event. Activity in one channel does not cause any dead-time on the other channels.

An innovative and proprietary scheme of dark count rejection, allows using a threshold for  
timing of less than one photo electron. 

The time is recorded with a least count of 30 ps, and the charge in each event is encoded in 
10 bits. A BGA package for the ASIC2 is presently under development.

Power consumption.

The power consumption of the ASIC is 8.2 mW/channel. The LDO voltage regulators  of the 
FEM add 6mW/channel and bring the total power consumption of the FEM at 14.2 mW/
channel.

Output connector.

The output connector on the FEB/I of the Front-End Module is of type SAMTEC QSH-030-
01-L-D-A. It has two rows of pins, separated by ground, one row assigned to the bias voltages 
and the low voltages, and the other row assigned to the digital signals. 

The lines in the FEB/I connector include:  
   •  CLK_IN: Clock signal 160-200 MHz 
   •  Serial Peripheral Interface (SPI) interface @ 10 MHz writes and reads the ASIC 
       configuration. 
   •  SYNC RST: dual purpose reset ; full and partial reset.
   •  BIAS V: 8 bias voltages lines
   •  TX_OUT (0-3): 4 LVDS data links
   •  TEMP: temperature sensor 
   •  Two Supply voltage lines for the ASIC
   •  Test pulse pins
   •  Dedicated biasing ground pins

Data Output rate.

 The events are encoded in 80 bits. Each ASIC2 has 4 LVDS data output links transferring data 
at 800 Mbit/s with a clock frequency of 400 MHz double data rate (DDR). 

The Front-End Module with 128 channels has 4 LVDS output links between the FEM128 
and the FEB/D-1024 for each ASIC, and the maximum data output rate is 600 kcps per ASIC 
channel. 

When using the Front-End Module with 256 channels in combination with the FEB/D-4096 
only 1 LVDS output link is used for each ASIC, and the maximum data output rate to the 
FEB/D-4096 is 150 kcps per ASIC channel.
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Fig 4: FEB/A_v2.  
The FEB/A_V2 board with the ASIC in 

BGA package .
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