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Abstract

TheField-programmablePorteXtender(FPX)providesdynamic,fast,andflexiblemechanismsto process
datastreamsat the portsof the WashingtonUniversity Gigabit Switch (WUGS-20). By performingall
computationsin FPGAhardware,cellsandpacketscanbeprocessedatthefull linespeedof thetransmission
interface,currently2.4 Gbits/sec. In order to designand implementportablehardwaremodulesfor the
ReprogrammableApplicationDevice(RAD) on theFPX board,all modulesshouldconformto a standard
interface. This standardinterfacespecifieshow modulesreceiveandtransmitATM cells of dataflows,
preventdatalossduringreconfiguration,andaccessoff-chip memory. Moduledesignersshouldconformto
thestandardI/O signalnamesandtakespecialnoteof timing diagramreferences.

Supportedby: NSFANI-0096052
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Figure1: RAD ModuleInterface

1 Introduction

In orderto designandimplementportablehardwaremodulesfor theReprogrammableApplicationDevice
(RAD) on the FPX board,all modulesshouldconformto a standardinterface. In order to processdata
flows,preventdatalossduringreconfiguration,andaccessoff-chip memory, theRAD moduleincludesthe
following interfaces:

� ControlInterface

� Cell Input Interface

� Cell OutputInterface

� SRAM Interface

� SDRAM Interface

A diagramof theinterfaceis shownin Figure1. Cell InputandOutputinterfacesimplementcell-basedflow
control;therefore,datawill bemovedin andoutof modulesascompleteATM cells. TheControlInterface
implementsatwo-wayhandshaketo ensurethatdatais not lostwhentheRAD FPGAis reconfiguredduring
systemoperation.TheSRAM andSDRAM Interfacesallow themoduleto interfaceto off-chip memory.
Standardmemoryinterfacesare providedfor modulesin order to abstractmoduledesignsfrom device
specificsignalingandtiming of thememorychipsandreduceredundancyacrossmoduledesigns.

2 Control Interface

ThemoduleControlInterfaceassertsalocalized,synchronousresetandglobal100MHzclockto themodule.
It alsoincludesa reconfigurationhandshaketo preventdatalossduringRAD reconfiguration.Thetiming
for thesesignalsis shownin Figure2.

2



CLK

RESET_L

ENABLE_L

READY_L

Figure2: Timing diagramfor ControlInterface

CLK

Thisis the100MHz(T=10ns)globalclocksignal.All interfacesignalsareassertedsynchronousto this
clock

RESET L

This signalis a localized,synchronousresetfor themodule. It will beassertedlow for a singleclock
cycle. All logic internalto themoduleshouldimplementa synchronousresetusingthissignal.

ENABLE L

Thissignalisassertedlow to themoduleonthesameclockcycleasRESETL following reconfiguration.
Whenthis signalis de-assertedhigh, themodulemuststopacceptingcellsby de-assertingTCA IN MOD
andflushit’s internalpipelines.

READY L

This signalperformsthe handshakeback to the reconfigurationcontrol. The modulemust pull this
signalhigh following resetin orderto preventreconfigurationduringmoduleoperation.After ENABLE L
is de-assertedhigh to the moduleand it hasstoppedacceptingcells and flushedit’s internal pipelines,
the modulemustassertthis signal low in orderto signalbackto thecontrol interfacethat it is readyfor
reconfiguration.

3 Cell Input Interface

TheCell Input Interfacetakesin ATM cellsasa 14,32-bitwords.A 32-bit paralleldatapathandtwo flow
controlsignalsareusedto input cellsto a module. If TransmitCell Available(TCA MOD IN) is asserted
by a module,it mustacceptacompleteATM cell. Thefirst 32-bitwordof thecell arriveswith Startof Cell
(SOCMOD IN). Thetiming for thesesignalsis shownin Figure3.

SOC MOD IN

Thissignalis assertedhigh for oneclockcycleto signaltheStartof Cell. Thissignalmaybedrivenby
theNID or anupstreammodule.It is synchronousto CLK.

D MOD IN[31:0]

This 32-bit input databuscarriesthe 32-bit wordsof the ATM cell. The first word of the ATM cell
arrivesonthesameclockcyclein whichSOCMOD IN is asserted.Theremaining13(32-bit)wordsarrive
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on thefollowing 13 clock cycles. Therefore,theentireATM cell is transferredto themodulein 14 clock
cycles.

TCA MOD IN

Thissignalperformsthehandshakebackto theinputfor cell transfer. Whenthissignalis assertedhigh,
theinput is freeto sendcells. Holdingthissignallow preventstheinputfrom sendingcells. TCA MOD IN
mustbevalid at least6 clock cyclesbeforethelastcycleof thecurrentcell transfer.

4 Cell Output Interface

TheCell OutputInterfacemustsendoutATM cellsas14,32-bitwords.A 32-bitparalleldatapathandtwo
flow controlsignalsareusedto outputcellsfrom a module.If TransmitCell Available(TCA OUT MOD)
is assertedby theoutput,themodulemustnot senda cell. Whensendinga cell, themodulemustsenda
completeATM cell. Thefirst 32-bitword of thecell mustarrivewith Startof Cell (SOCOUT MOD) and
theremaining13wordsof thecell mustbesentonthesubsequentclockcycles.Thetiming for thesesignals
is shownin Figure4.

SOC OUT MOD

Thissignalis assertedhigh for oneclockcycleto signaltheStartof Cell. This signalmaybedrivento
theNID or a downstreammodule.It mustbeassertedsynchronousto CLK.

D OUT MOD[31:0]

This 32-bit outputdatabuscarriesthe32-bit wordsof theATM cell. Thefirst word of theATM cell
mustbe senton the sameclock cycle in which SOC OUT MOD is asserted.The remaining13 (32-bit)
wordsmustbesenton thefollowing 13 clock cycles. Therefore,theentireATM cell is transferredto the
outputin 14clockcycles.

TCA OUT MOD
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This signalperformsthehandshakebackto themodulefor cell transfer. Whenthis signalis asserted
high,themoduleis freeto sendcells. Whenthissignalisheldlow, themodulemustnotsendcells. Modules
mustsampleTCA OUT MOD nosoonerthan3 clockcyclesprior to assertingSOCOUT MOD.

5 SRAM Interface

Bothof theSRAMsontheFPXboardareaccessiblefromtheRAD FPGA.RAD ModulesmayaccessSRAM
by interfacingto oneof thetwo identicalSRAM Interfaces.Theseinterfacessimplify memorytransactions
by abstractingRAD modulesfrom thesignaltiming constraintsof theMicron ZBT SRAM. Eachmemory
interfacearbitratesrequestsfor memoryaccessusingarequest(SRAM REQ)andgrant(SRAM GR)signal
handshake.Onceamoduleisgrantedaccessto memory, it mayreadfrommemoryby holdingtheread/write
signal(SRAM RW) high andissuingthereadaddresson theaddresssignals(SRAM ADDR[17:0]). The
readdatawill appearon the datainput signals(SRAM D IN[35:0]) after4 clock cycles. A modulemay
write to memoryby assertingthe read/writesignal low, issuingthe write addresson the addresssignals,
andissuingthewrite dataonthedataoutputsignals(SRAM D OUT[35:0]). A modulemayissueareador
write oneveryclockcycle.

All modulesmustflop all IO signalsat themoduleboundaryto guaranteethatdesignswill meetpost
layouttiming. Thus,datafromreadtransactionswill beavailableinsidethemoduleaftersix(6)clock-cycles.
This will bethereferencepoint for subsequenttiming diagramsandis illustratedin Figure5.

Figure6 showsanexamplememorytransaction.Themoduleissuesarequestandreceivesagrantonthe
nextclockcycle(assumingnootherdevicesarecurrentlyusingmemory).Themodulethenissuessequential
transactions:write 0, write 1, write 2, read0, write 3, read1, read2, read3. Thedataandaddressesarethe
samein this examplefor simplicity. Notethat thegrantsignalis loweredbeforethememorytransactions
arecomplete.After receivingthedatafrom thelastread,themodulede-assertsits requestsignalto release
thememory.

SRAM REQ

This signalis assertedhigh to theSRAM interfaceto requestandhold accessto memory. Themodule
musthold thissignalhighuntil thememorytransactionis complete.

SRAM GR

Thissignalisassertedhighto themodulewhentheSRAMinterfacegrantsthemoduleaccesstomemory.
Whena contendingmodulerequestsaccessto memory, this signal is de-assertedlow. Themodulemust
completeits currenttransactionsandreleasethe memoryby de-assertingits requestsignal. Note that a
modulemayholdmemoryfor severalcyclesafterthegrantsignalis removedin orderto completeamemory
transaction.Themoduledesigneris responsiblefor ensuringthatstarvationof a contendingmoduledoes
notoccur.

SRAM ADDR[17:0]

This18-bit addressbuscarriesthememoryaddressfor readsandwrites.

SRAM RW

This signalspecifiesthetypeof memoryaccess.High assertionspecifiesa read,while a low assertion
specifiesa write. Themoduleshouldhold this signalhigh (READ) exceptwhenassertingit low (WRITE)
with theaddressanddatafor awrite transactionto preventoverwritingvalid memorycontents.

SRAM D IN[35:0]
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This36-bitdatabuscarriesreaddatafrom memory. Readdatais available4 clockcyclesaftertheread
signalandaddressareasserted.

SRAM D OUT[35:0]

This 36-bit databuscarrieswrite datato memory. Write datamustbe issuedduring the sameclock
cyclethataddressandwrite (SRAM RW = 0) areasserted.Datawill bewritten to memory4 clock cycles
afterthereadsignal,address,anddataareasserted.
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6 SDRAM Interface

Figure7 showsthemoduleinterfacefor theSDRAM. This interfacehastwo typesof signals: onewhich
participatein the arbitrationfor the SDRAM accessand other which actually accessthe SDRAM. The
signalsRequest,Grant1,Grant2shownin this figureareusedfor thearbitrationwhile othersareusedto
accesstheSDRAM.Whenamodulewantsto makeaSDRAM operation,it requeststheSDRAM interface
for the SDRAM accessby assertingthe Requestsignalhigh. A modulecanmakemultiple requestsfor
multiple SDRAM operationsby holding the Requestsignalhigh for multiple clock cycles. Eachrequest
correspondsto one SDRAM operation. After making the request(s)then modulewaits for the Grant1
signal.WhentheGrant1signalis assertedhigh,themodulegivesall theinformationregardingits SDRAM
transactionlike theaddress,theoperationtypeandtheburstlengthto theSDRAM interfaceontheInfoBus.
TheSDRAM interfaceanalyzesthis informationandschedulestheactualSDRAM accessfor this module.
At thescheduledtime,theSDRAM interfaceassertsGrant2highwhichmeansthattherequest(first request
in thequeuein caseof multiple requests)hasbeengrantedaccessto theSDRAM andmodulecanreadthe
datafrom theDataBusin caseof readrequestor putdataon theDataBusin caseof a write request.All the
requestsmademy a moduleareservicedsequentiallywhichmeansif informationregardingrequestA was
sentbeforetheinformationregardingtherequestB thenA will beservicedbeforeB.
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Figure9 showstheexactprotocolandtiming for a burstreadoperationof burstlengthn andFigure10
showsthetiming of a burstwrite operationof lengthn . Thediscontinuationsignon thesignalsindicates
thatthereis avariableclockcyclesof latencybetweentheRequestandGrant1aswell asGrant1andGrant2.

Figure8 showshowthemoduleis connectedto theSDRAM interface.Requestsignalof module’x’ is
connectedto theRequest(x)of theSDRAM interface.Similarly Grant1signalof moduleis connecctedto
Grant1(x)andGrant2to Grant2(x)of theSDRAM interface.

Following is thelist of interfacesignalsandtheirpurpose.

� Request: This signalis usedto makea requestto theSDRAM interfacefor SDRAM access.Each
requestcorrespondsto oneSDRAM transaction.Thenumberof requestsmadeis equalto thenumber
of clock cyclesfor which theRequestis assertedhigh. Everyrequestgetscorrespondinggrant. The
number of outstanding requests which haven’t got the grant can not exceed 3 . Thus, if a module
assertstherequestsignalhigh for 3 clock cyclesthenit meansit hasmade3 requestsandif thefirst
requestgetsa grantthenthemodulecanmakeonly onemorerequest.

� Grant1: This signal is the input to the modulefrom the SDRAM interface. When this signal is
assertedhigh, it meansthatthemodulehasbeengivengrantto accesstheInfoBus(describedbelow),
onwhichit canput the informationregardingonly one theSDRAM transactionit wantsto do. This
informationincludestheSDRAM address,thetypeof operation(reador write) andtheburstlength
of this operation. First the 23 bit addressshouldappearon the InfoBus at the time shownin the
Figure10andFigure9 thenburstlengthandoperationtypeshouldappeartogetheron thebusin the
nextclockcycle.The number of clock cycles between the Request and Grant1 is variable.

� InfoBus[22:0]: This is a unidirectionaltristatebuswhich is usedto supplyinformationregardinga
SDRAMtransactiontotheSDRAMinterface.After Grant1isgivento themodule,it shouldputthe23
bit addresson theInfoBussuchthatInfoBus[22:0]= Address[22:0].In thenextclockcycleit should
putthe8 bit burstlengthandtheoperationtypeontheInfoBussuchthatInfoBus(8)= OperationType
andInfoBus[7:0]= BurstLength[7:0].Theconventionfor theoperationtypeis OperationType= ’0’
for a read operationand ’1’ for a write operation. Other than these two clock cycles, the module
should always drive HiZ on the InfoBus.

� Grant2: This signal is a input to themodulefrom the SDRAM interface. For a readoperationas
shownin Figure9,whenGrant2signalis assertedhighthemoduleshouldstarttakingin thedatafrom
thenextclock cycle. This datacorrespondsto thereadrequestwhich wasat theheadof thequeue.
Sinceall the requestsmadeby themoduleareservicedin thesameorderin which theyappearthe
moduleshouldkeeptrackof thewhich datacorrespondsto which request.For a write operationas
shownin Figure10,whenGrant2signalis assertedhigh,thenmoduleshouldstartputtingdatawords
on thedatabustwo clockcyclesthereafter.

� DataBus[63:0]: This is abidirectionaltri-statedatabus.ThemoduleshoulddriveHiZ whenit is not
usedby themodule.
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