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TheIOCaimsto be an universalcontroller capableof extendingthe control reachto all the devicesin the SPESfacility. It will be embeddedinto physicalequipmentand
will control or monitor their operationallowingthe computationalload to be spreadamongintelligent nodesin the control network. TheIOCexploitsthe ComputerOn
ModuleExpressstandardanda XilinxSpartan-6 XC6SLX75TFPGA. Thegoalis to usein all our applicationsa standardLinuxdistribution sincethe most time-critical tasks
will run in the FPGAavoidingthe needof a real-time operatingsystem. Theresourceslinkedto the FPGAbecomevirtually part of the processormemory; the VHDLcore
that handlesthe communicationwith the COMExpress,it allowsa transparentmapof the FPGAregistersandI/O resourcesinto the I/O spaceof the PC.

Theresearchproject focuseson the designof a customInput OutputController(IOC)whichactsasa localintelligentnodein the SPESdistributedcontrol networkandit is
genericenoughto perform severaldifferent tasksspanningfrom securityand surveillanceoperations,beam diagnostic,data acquisition,data loggingand real-time
processing. Theresult is a custommother boardequippedwith generalpurposePCfeaturesalongsidemore applicationspecificfunctionalities. An hardwareabstraction
layerallowsthe developmentof soft andhard real-time applicationsleavingthe final userwith the possibilityto dealwith a generalpurposePCor to exploit the FPGAin
termsof fastperipheralscontrol.

The IOCdesigned addressesthe needsof most control subsystemsat LNL. It will be integrated in the distributed control systemarchitecture foreseenby EPICS
preservingthe possibilityto managedistribute hard real-time tasks. Beamdiagnosticdataacquisition,electrostaticbeamfocalizationandextraction,electrostaticbeam
steerersaretargetapplicationsandidealtest benchesfor the IOC.

IOC Block Diagram.

The grounding strategy has been analyzed
carefullydue to the presenceof PoE+powering
togetherwith highresolutionanalogconverters.

Ripple Measurements ςFPGA 
Core Power Supply.

Cycle-to-Cycle Jitter Analysis.
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FPGA Remote Reconfiguration.

Optical Ethernet.

IOC Stackup.

The COM Expressused is the compact form factor
cExpress-BT with the low power Intel Atom E3845
processor. TheIntel x86_64 architecturemakessoftware
developmentstraightforward,easingthe portability.

BPMconsistsof a grid of twenty horizontal and twenty vertical thin
gold plated tungsten wires. Theion beamcrossingthe grid depositsa
chargeon the wires. Thebeamprofiler mustbe ableto reconstructthe
beamtransverseprofile by readingout the current from eachwire. The
existing acquisitionsystemforeseesthe usageof VxWorksreal-time
operating system to run several parallel tasks. The new BPM data
acquisitionsystemarchitecturewill be basedon the IOCand the most
time-critical taskswill be performedin the FPGAfreeingthe CPUfrom
hard real-time operations. The40 channelsare multiplexedto a single
voltageanalogoutput. IOCcontrolsthe scanningof the forty channels
via a clocksignalwhich lasts40 x 200 us period pulses. FPGAhandles
alsothe datadigitization,databufferingandDMAdata transfersto the
processor. TheCOMExpress,running a standardLinuxdistribution, it
implements an EPICSChannel Access Server making BPM data
availableto remote EPICSclients for beam profile visualization. The
refresh rate is set to about 20 frames per second. EPICSwill also
integratein the control systemthe slowcontrol for steppermotors.
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PCB Design Flowchart.

BPM Data Acquisition Architecture.


