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Abstract:	
  

The	
  High	
  level	
  processing	
  VHDL	
  design	
  and	
  related	
  algorithms	
  have	
  been	
  developed	
  for	
  the	
  
application	
  of	
  novel	
  hybrid	
  FPGAs	
  in	
  the	
  readout	
  of	
  a	
  PET	
  detector	
  demonstrator.	
  

For	
   the	
   initial	
   prototype,	
   comprising	
  mainly	
   of	
   a	
   Texas	
   Instruments	
   ADS6425	
   connected	
   to	
   a	
  
Xilinx	
  Zinq7020	
  (figure	
  1),	
  it	
  was	
  required	
  to	
  build	
  some	
  basic	
  firmware,	
  to	
  allow	
  for	
  the	
  digital	
  
information	
   to	
  be	
  pipelined	
  and	
   transmitted	
   to	
  a	
  central	
  processing	
  unit.	
   In	
  our	
  case,	
  applying	
  
the	
   advantages	
   provided	
   by	
   the	
   hybrid	
   programmable	
   logic/microprocessor	
   character	
   of	
   the	
  
Xilinx	
  Zinq	
  family,	
  we	
  proceeded	
  with	
  building	
  a	
  basic	
  outline	
  for	
  the	
  manipulation	
  of	
  the	
  data	
  
received	
  from	
  the	
  ADC.	
  	
  
As	
  demonstrated	
  in	
  figure	
  2,	
  the	
  4	
  ADC	
  inputs	
  that	
  arrive	
  at	
  a	
  maximum	
  rate	
  of	
  125MHz	
  per	
  
word,	
  are	
  received	
  at	
  the	
  programmable	
  logic	
  part,	
  where	
  after	
  deserialization	
  they	
  are	
  stamped	
  
for	
  channel	
  origin.	
  The	
  new	
  words	
  are	
  then	
  pipelined	
  through	
  FIFOs	
  to	
  a	
  central	
  multiplexing	
  
unit.	
  From	
  this	
  unit	
  data	
  are	
  being	
  directed	
  through	
  a	
  central	
  FIFO	
  towards	
  the	
  microprocessor	
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part	
  of	
  the	
  Zinq,	
  where	
  a	
  basic	
  bare	
  metal	
  program	
  ensures	
  the	
  correct	
  transmission	
  towards	
  a	
  
PC,	
  through	
  USB	
  serial	
  protocol.	
  
	
  

	
  

Figure	
  1:	
  System	
  prototype	
  for	
  the	
  integration	
  of	
  an	
  ADC	
  and	
  FPGA	
  for	
  the	
  readout	
  of	
  SiPM	
  based	
  detectors	
  

This	
  basic	
  architecture	
  covers	
  the	
  main	
  aspects	
  necessary	
  for	
  the	
  backbone	
  of	
  a	
  data	
  acquisition	
  
system,	
  while	
  furthermore	
  allowing	
  the	
  application	
  of	
  higher	
  level	
  preprocessing	
  algorithms	
  on	
  
the	
  raw	
  data,	
  such	
  as	
  triggering	
  and	
  event	
  matching	
  in	
  the	
  programmable	
  part,	
  as	
  well	
  as	
  further	
  
communication	
  and	
  processing	
  possibilities	
  in	
  the	
  microprocessor,	
  which	
  is	
  big	
  enough	
  to	
  even	
  
accommodate	
   a	
   full	
   lightweight	
   linux	
   distribution,	
   such	
   as	
   RPi,	
   Archlinux	
   or	
   the	
   dedicated	
  
Xilinux.	
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Figure	
  2:	
  FPGA	
  architecture	
  

	
  


