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Extended Abstract

1  Intr oduction

With the availability of rad-hardhigh-densityFPGAssuchasActel RTAX2000, it hasbecomefeasibleto develop
FPGA-basedSOCdesignsalsofor spaceapplications.Consideringthe limited volumeof spacehardware,the low
NRE andlead-timefor FPGA designscanprovide a significantcostadvantageover ASIC implementations.FPGA
SOCsolutionscanfavorablybeusedfor bothnew designsandasa way to solve thecomponentobsolescenceprob-
lem in long-termspaceprojects.To improve the designmethodologyof SOC designand to addresssomeof the
space-specificIP corerequirements,GaislerResearchhasdevelopedthedual-useGRLIB IP corelibrary, suitablefor
bothcommercialandaerospaceapplications.Thispaperwill discusstherationaleandcharacteristicsof theIP library,
and present some implementation details of one of its cores: the LEON3 SPARC V8 processor.

2  GRLIB IP Library

2.1  Overview

A common,andoftenchallenging,designtasksduringSOCdevelopmentis to integratea numberof third-partyIP
coresinto a singledesign.This involvesharmonizingbusandsignalinterfaces,merging of synthesisscriptsandcon-
straints,andmappingof technologyspecificmacrocellssuchasmemoriesandpads.Otherissuesincluderesolving
of nameclashes,andadjustmentof (VHDL) library mapping.All in all, themergingof third-partyIP coresis oftena
time-consuminganderror-pronetask.Therationalefor theGRLIB IP library is to offsettheseproblemsby providing
IP coreswith a commoninterfaceanddistribution format.The distribution format is designedto be extendibleand
vendor neutral, allowing third-party IP vendors to quickly integrate their cores into the GRLIB structure.

GRLIB is organizedaroundVHDL libraries,whereeachIP vendoris assigneda uniquelibrary name.A library typi-
cally containsa numberof packages,declaringthe exportedIP coresandtheir interfacetypes.All vendor-specific
files suchassimulationandsynthesisscriptsarecontainedin a vendor-specificarea,andautomaticallymergedinto a
combinedscriptby aglobalmakefile.Addingandremoving of librariesandpackagescanthusbemadewithoutmod-
ifying any globalfiles.Theinitial releaseof GRLIB cangeneratescriptsfor theModelsimsimulator, andtheSynop-
sys, Synplify and Xilinx XST synthesis tools. Support for other CAD tools can easily be added.

2.2  Interface and configuration

The GRLIB is designedto be ‘bus-centric’,i.e. it is assumedthat mostof the IP coreswill be connectedthrougha
commonon-chipbus.TheAMBA-2.0 AHB/APB bushasbeendefinedasthecommonon-chipbus,andthe library
includesseveral coresfor AHB/APB arbitrationand control. In addition,a novel configurationmethodhasbeen
addedto theAHB/APB standard.Theconfigurationmethodaddsdistributedaddressdecoding,interruptsteeringand
configurationcontrol throughthe useof sidebandsignals.This providesa plug&play capabilitysimilar to the PCI
bus,while still maintainingfull compatibilitywith theAMBA standard.Whenacoreis attachedto theon-chipbus,it
is assignedanaddressspace,interruptnumberandbus index from VHDL generics.No centralresourcesuchasan
addressdecoderor interrupthandlerneedsto be modified.The bus arbiterautomaticallygeneratesa table(imple-
mentedasa ROM) with thevendoranddevice ID of all attachedcores,allowing theapplicationsoftware(or remote
debugger) to scan the on-chip bus and detect all attached cores and their configuration.
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2.3  Portability

An importantaspectaddressedby GRLIB is portabilitybetweenprocesstechnologiesor macrolibraries.This is done
by providing an API aroundcommontechnology-specificblockssuchasmemoryandpads.A VHDL genericwill
specifywhich technologyis targeted,andtheappropriatememoryor padwill beinstantiatedfrom thetargetedtech-
nologylibrary. Re-targetingfrom anFPGAto anASIC, or betweenASIC technologies,canbedoneby modifying a
single VHDL constant, and performing a re-synthesis.

2.4  Adaptations for space use

TheGRLIB IP library is intendedto beusedin spaceapplicationson targetprocessesthatarehardenedagainstlatch-
up andtotal-doseradiation,but whereembeddedRAM blocksaresensitive to SEU.This scenariois applicableto
bothActel RTAX FPGAsandmostrad-tolerantASIC processesbelow 0.5 µm. IP coreswhich useembeddedRAM
blockscanbeconfiguredwith SEUprotectionthrougherror-detectionandcorrection.TheSEUprotectionis imple-
mentedonacore-specificbasis,in orderto minimizetiming penaltiesanddraw benefitfrom any local redundancy. In
somecases,morethanoneimplementationis available,dependingon whetheranFPGAor ASIC technologyis tar-
geted.On FPGAswith spareRAM blocks,it might be betterto useduplicationandsimpleerror-detectionthrough
parity, while ASIC implementations would choose a wider RAM with EDAC instead.

2.5  Available IP cores

The first release of the GRLIB IP library contains the following cores and libraries:

Common libraries: AMBA types, VHDL utilities.

IP Cores: LEON3 SPARC V8 processor, GRFPUIEEE-754floating-pointunit, 32-bit PCI target,32-bit PCI bridge,
8/16/32-bit PROM/SRAM controller with EDAC, 32-bit SDRAM controller with EDAC, 10/100 Mbit Ethernet
MAC, AHB arbiter/decoder, APB controller, multi-processorinterrupt controller, 32-bit cascadabletimer, generic
UART, debug support unit, on-chip RAM with EDAC.

Technology wrappers: Virage SRAM, Virtex1/E/2, Actel AX/ProASIC, Atmel ATC18, Virtual Silicon RAM.

3  LEON3 SPARC V8 Processor

Oneof themorecomplex coresin theGRLIB IP library is theLEON3SPARC V8 processor. LEON3is anew imple-
mentationof the SPARC architecture,consistingof a 7-stagepipeline,separatemulti-setcaches,anda fast,purely
parity-based,SEUerror-correctionscheme.Thedeeppipelineandfasterror-correctionschemeallows frequenciesup
to 400MHz on a standard0.13µm process,andup to 130MHz on a Virtex2proFPGA.On Actel RTAX devices,25
- 35MHz canbereacheddependingondevice typeandprocessorconfiguration.Theprocessorcore,consistingof the
pipeline,cachecontrollersand AHB interface,consumesapproximately20% of the resourcesof an RTAX2000S
device. A completeSOCdesigncomprisingof a LEON3 core,PROM/SRAM controller, SDRAM controller, PCI
bridge,timers,UARTs andinterruptcontroller, consumeslessthan50%of thesamedevice. For ASIC implementa-
tions,thesameconfigurationwill consumeapproximately80kgates,excludingembeddedRAM blocks.LEON3also
includes support for multi-processor systems with up to 8 processor cores per AHB bus.

4  Availability and licensing

To facilitateearlyprototypingandevaluation,themajorpartof GRLIB is providedfor freein full sourcecodeunder
theGNU PublicLicense(GPL). Somecores,suchtheGRFPUIEEE-754floating-pointunit, arecurrentlyonly pro-
videdasanFPGAnetlist,while othercoressuchastheLEON3-FTmustbelicensedseparately. Thelong-termgoal
for GaislerResearchis however to provide all coresunderthe GPL license,if the necessaryfunding canbe raised
throughotheractivities. A traditional ‘commercial’ licensefor all coresis alsooffered,for projectswhereGRLIB
cores will be mixed with other cores and where the GPL license cannot be applied.


