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Extended Abstract

1 Introduction

With the availability of rad-hardhigh-densityFPGAssuchas Actel RTAX2000, it hasbecomefeasibleto develop
FPGA-basedsOC designsalsofor spaceapplications.Consideringthe limited volume of spacehardware,the low
NRE andlead-timefor FPGA designscan provide a significantcostadvantageover ASIC implementationsFPGA
SOCsolutionscanfavorably be usedfor both new designsandasa way to solve the componenbbsolescencprob-
lem in long-termspaceprojects.To improve the designmethodologyof SOC designandto addresssomeof the
space-specifitP corerequirementsiGaislerResearchasdevelopedthe dual-useGRLIB IP corelibrary, suitablefor
bothcommerciabndaerospacapplicationsThis paperwill discusgherationaleandcharacteristicef thelP library,
and present some implementation details of one of its cores: the LEGIRETSKB processor

2 GRLIB IP Library

2.1 Owerview

A common,and often challenging,designtasksduring SOC developmentis to integratea numberof third-party IP
coresinto a singledesign.This involvesharmonizingbus andsignalinterfaces memging of synthesiscriptsandcon-
straints,and mappingof technologyspecificmacrocells suchasmemoriesand pads.Otherissuesncluderesolving
of nameclashesandadjustmenbf (VHDL) library mapping.All in all, the memging of third-partylP coresis oftena
time-consumingnderrorpronetask.Therationalefor the GRLIB IP library is to offsettheseproblemsby providing
IP coreswith a commoninterfaceanddistribution format. The distribution format is designedo be extendibleand
vendor neutral, allwing third-party IP endors to quickly intgrate their cores into the GRLIB structure.

GRLIB is organizedaroundVHDL libraries,whereeachlP vendoris assignedh uniquelibrary name A library typi-
cally containsa numberof packagesdeclaringthe exportedIP coresandtheir interfacetypes.All vendorspecific
files suchassimulationandsynthesisscriptsarecontainedn a vendorspecificarea,andautomaticallymeigedinto a
combinedscriptby aglobalmakefile. Adding andremoving of librariesandpackageganthusbe madewithout mod-
ifying ary globalfiles. Theinitial releaseof GRLIB cangeneratescriptsfor the Modelsimsimulator andthe Synop-
sys, Synplify and Xilinx XST synthesis tools. Support for other CAD tools can easily be added.

2.2 Interface and configuration

The GRLIB is designedo be ‘bus-centric’,i.e. it is assumedhat mostof the IP coreswill be connectedhrougha
commonon-chipbus. The AMBA-2.0 AHB/APB bus hasbeendefinedasthe commonon-chipbus, andthe library
includesseveral coresfor AHB/APB arbitrationand control. In addition, a novel configurationmethodhasbeen
addedo the AHB/APB standardThe configurationrmethodaddsdistributedaddresslecodingjnterruptsteeringand
configurationcontrol throughthe useof sidebandsignals.This providesa plug&play capability similar to the PCI
bus,while still maintainingfull compatibilitywith the AMBA standardWhena coreis attachedo theon-chipbus, it

is assignedan addresspace jnterruptnumberandbus index from VHDL genericsNo centralresourcesuchasan
addresgdecoderor interrupthandlerneedsto be modified. The bus arbiter automaticallygenerates table (imple-
mentedasa ROM) with thevendoranddevice ID of all attachedcores allowing the applicationsoftware (or remote
dehlugger) to scan the on-chipdand detect all attached cores and their configuration.
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2.3 Portability

An importantaspectaddressetly GRLIB is portability betweerprocesgechnologie®r macrolibraries.Thisis done
by providing an APl aroundcommontechnology-specifiblocks suchas memoryandpads.A VHDL genericwill
specifywhich technologyis tamgeted,andthe appropriatanemoryor padwill beinstantiatedrom the tamgetedtech-
nology library. Re-tagetingfrom anFPGAto an ASIC, or betweerASIC technologies¢anbe doneby modifying a
single VHDL constant, and performing a re-synthesis.

2.4 Adaptationsfor space use

The GRLIB IP library is intendedo be usedin spaceapplicationsontamgetprocessethatarehardeneaginstlatch-
up andtotal-doseradiation,but whereembeddedRAM blocks are sensitve to SEU. This scenariois applicableto
both Actel RTAX FPGAsandmostrad-tolerantASIC processedelov 0.5 um. IP coreswhich useembeddedRAM

blockscanbe configuredwith SEU protectionthrougherrordetectionandcorrection.The SEU protectionis imple-
mentedon a core-specifibasis,in orderto minimizetiming penaltiesanddrav benefitfrom ary localredundang. In

somecasesmorethanoneimplementations available,dependingon whetheran FPGA or ASIC technologyis tar-
geted.On FPGAswith spareRAM blocks,it might be betterto useduplicationand simple errordetectionthrough
parity, while ASIC implementations euld choose a wider RAM with EAX instead.

2.5 AvailableIP cores
The first release of the GRLIB IP library contains the feitm cores and libraries:
Common libraries: AMBA types, VHDL utilities.

P Cores: LEON3 SFARC V8 processarGRFPUIEEE-754floating-pointunit, 32-bit PCl target, 32-bit PCl bridge,
8/16/32-bit PROM/SRAM controller with EDAC, 32-bit SDRAM controller with EDAC, 10/100 Mbit Ethernet
MAC, AHB arbiter/decoderAPB controller multi-processotinterrupt controller 32-bit cascadabléimer, generic
UART, dehlug support unit, on-chip RAM with E&C.

Technology wrappers. Virage SRAM, \irtex1/E/2, Actel AX/ProASIC, Atmel AC18, Mrtual Silicon RAM.

3 LEON3 SPARC V8 Processor

Oneof themorecomplex coresin the GRLIB IP library is the LEON3 SFARC V8 processaiLEON3is anew imple-

mentationof the SFARC architecturegonsistingof a 7-stagepipeline, separatenulti-setcachesanda fast, purely
parity-basedSEU errorcorrectionschemeThedeeppipelineandfasterrorcorrectionschemeallows frequenciesip

to 400MHz on astandard.13pum processandup to 130MHz on a Virtex2pro FPGA.On Actel RTAX devices,25

- 35MHz canbereachedlependingn device typeandprocessoconfiguration The processocore,consistingof the

pipeline, cachecontrollersand AHB interface,consumesapproximately20% of the resourcef an RTAX2000S
device. A completeSOC designcomprisingof a LEON3 core, PROM/SRAM controlle;f SDRAM controller PCI

bridge,timers,UARTs andinterruptcontroller consumegessthan50% of the samedevice. For ASIC implementa-
tions,the sameconfigurationwill consumeapproximately80 kgates excludingembeddedRAM blocks.LEON3 also
includes support for multi-processor systems with up to 8 processor cores peuudHB b

4 Availability and licensing

To facilitateearly prototypingandevaluation,the major partof GRLIB is providedfor freein full sourcecodeunder
the GNU Public License(GPL). Somecores,suchthe GRFPUIEEE-754floating-pointunit, arecurrentlyonly pro-
videdasan FPGA netlist,while othercoressuchasthe LEON3-FT mustbe licensedseparatelyThe long-termgoal
for GaislerResearchs however to provide all coresunderthe GPL license,if the necessaryunding canbe raised
throughotheractvities. A traditional‘commercial’ licensefor all coresis also offered,for projectswhere GRLIB
cores will be mird with other cores and where the GPL license cannot be applied.
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