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The FPGA tracker implements a tracking algorithm by distributing processing across a string of FPGAs.  There is one FPGA processor per detector station quadrant.  Each processor exchanges data with its neighbors to implement the algorithm.


The FPGA tracker is packaged in standard 6U Eurocard cages.  Each processing card contains one FPGA processor along with two Pixel Processing FPGAs and an L1 buffer.


Processing cards are arranged into groups of 4,  plugged into a 4x4 switching backplane and feeding a quad link card.

16-station backplane


It’s possible to package four groups of 4 processors into a single 20-slot Eurocard cage.

Associative Memory Array

Tracker FPGAs


The actual tracking algorithm is documented elsewhere.  A key component of the algorithm is the associative memory array.  Each cell in the array stores an (X,Y) pair.  Queries are put on a common bus, and all stored pairs that match the query within a small window will assert their Match output.


A prototype of a 16-cell AM array has been implemented in a Lucent OR3LxB series FPGA and runs at 100 MHz.
  This array takes a block of logic that is 13 cells by 16 cells which is about ¼ of an OR3L165B (32 cells x 32 cells).  One detail of this is that a given a properly-chosen window size, the ABS function and window comparison can be implemented in fast combinatorial logic.


The code for this is in http://www-ese.fnal.gov/eseproj/trigger/design/tracker
Associative Memory Cell Layout


The staging register allows the next event to be written while the current event is being processed.  Adding more staging registers will increase throughput by decreasing the probability that the query bus will have to wait for the data registers to be filled.  This can be accomplished by replacing the Data and Staging blocks with dual-port RAM blocks and implementing FIFO read and write pointers.  In essence this creates a 512 bit wide FIFO, but probably only 4 or 8 words deep.

FPGA


Tracker





X














Y




















L1


	i


	o





FPGA


Tracker





X














Y




















L1


	i


	o





FPGA


Tracker





X














Y




















L1


	i


	o





FPGA


Tracker





X














Y




















L1


	i


	o





QUAD


Link




















0














1














2














3





4 x 4  Switch





Tracker


FPGA(s)





L1 Buffer





Pixel


Processor





Pixel


Processor





Output


Link





Pixel


Processor





Tracker


FPGA(s)





Output


Link





L1 Buffer





Pixel


Processor





Output


Link





Pixel


Processor





Tracker


FPGA(s)





L1 Buffer





Pixel


Processor





Output


Link





Pixel


Processor





Tracker


FPGA(s)





L1 Buffer





Pixel


Processor





Previous Station





Next Station





From Pixel Chips





To Track Farm





400 Mbyte/S





Link to next station





4x4 switch





Processor Cards





Link Card





Monitor and Control node





Monitor and Control node





< W





< W





< W





Staging Reg 0





Staging Reg 1





Match





Match





Staging Reg n





Data Reg





abs





Match





Read Bus





Write Bus





Query Bus


(X,Y)





Data Reg





abs





Read Logic





Data Reg





abs





Data





Sub





Sub





Data


+ W





Staging 





Staging 





Read


Logic 








Staging 





Data


+ W





Sub





Sub





Data





Staging 





Read


Bus


X HI





Write


Bus


X HI





Write


Bus


Y LO





Query Bus Y





Query Bus X





Read


Bus


X LO





Write


Bus


X LO





Read


Bus


Y HI





Write


Bus


Y HI





Read


Bus


Y LO























Note that Window logic is packed into same block as data register








