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Abstract

TheField-programmabl@orteXtender(FPX) providesdynamic,fast,andflexible mechanisms$o process
datastreamsat the ports of the WashingtonUniversity Gigabit Switch (WUGS-20). By performingall
computationsn FPGAhardwarecellsandpacketsanbeprocessedtthefull line speedf thetransmission
interface,currently 2.4 Gbits/sec. In orderto designandimplementportablehardwaremodulesfor the
Reprogrammablépplication Device(RAD) onthe FPX board,all modulesshouldconformto a standard
interface. This standardnterfacespecifieshow modulesreceiveandtransmitATM cells of dataflows,
preventdatalossduringreconfigurationandacces®ff-chip memory Moduledesignershouldconformto
thestandard/O signalnamesandtakespecialnoteof timing diagramreferences.

Supportedy: NSFANI-0096052
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Figurel: RAD ModuleInterface
1 Introduction

In orderto designandimplementportablehardwaremodulesfor the Reprogrammabl@pplication Device
(RAD) on the FPX board,all modulesshouldconformto a standardnterface. In orderto processdata
flows, preventdatalossduring reconfigurationandacces®ff-chip memory the RAD moduleincludesthe
following interfaces:

¢ Controlinterface

¢ Celllnputinterface
¢ Cell Outputinterface
¢ SRAM Interface

¢ SDRAM Interface

A diagramof theinterfaceis shownin Figurel. Cell InputandOutputinterfacesmplementcell-basedlow
control;thereforedatawill bemovedin andoutof modulesascompleteATM cells. The Controlinterface
implementsatwo-wayhandshakéo ensurahatdatais notlostwhentheRAD FPGAIs reconfigureaiuring
systemoperation. The SRAM and SDRAM Interfacesallow the moduleto interfaceto off-chip memory
Standardmemoryinterfacesare providedfor modulesin orderto abstractmodule designsfrom device
specificsignalingandtiming of the memorychipsandreduceredundancycrossmoduledesigns.

2 Control Interface

ThemoduleControlinterfaceassertsilocalized,synchronousesetandglobal100MHzclockto themodule.
It alsoincludesa reconfiguratiorhandshakéo preventdatalossduring RAD reconfiguration.The timing
for thesesignalsis shownin Figure2.
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Figure2: Timing diagramfor Controlinterface

CLK

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

RESET_L

This signalis a localized,synchronousesetfor the module. It will be assertedow for a singleclock
cycle. All logic internalto the moduleshouldimplementa synchronousesetusingthis signal.

ENABLE_L

Thissignalis assertetbw to themoduleonthesameclockcycleasRESETL following reconfiguration.
Whenthis signalis de-assertefligh, the modulemuststopacceptingcells by de-asserting CA_IN_MOD
andflushit’sinternalpipelines.

READY _L

This signal performsthe handshakébackto the reconfigurationcontrol. The modulemust pull this
signalhighfollowing resetin orderto preventreconfiguratiorduringmoduleoperation.After ENABLE L
is de-assertethigh to the moduleand it hasstoppedacceptingcells and flushedit’s internal pipelines,
the modulemustassertthis signallow in orderto signalbackto the control interfacethatit is readyfor
reconfiguration.

3 Cdl Input Interface

TheCell Inputinterfacetakesin ATM cellsasa 14,32-bitwords. A 32-bit paralleldatapathandtwo flow
controlsignalsareusedto input cellsto a module. If TransmitCell Available(TCA_MOD_IN) is asserted
by amodule,it mustaccept&completeATM cell. Thefirst 32-bitword of the cell arriveswith Startof Cell
(SOCMOD.IN). Thetiming for thesesignalsis shownin Figure3.

SOC_MOD.IN

Thissignalis assertedhigh for oneclock cycleto signalthe Startof Cell. This signalmaybedrivenby
theNID or anupstreammodule.lt is synchronouso CLK.

D_MOD_IN[31:0]

This 32-bit input databus carriesthe 32-bit words of the ATM cell. Thefirst word of the ATM cell
arrivesonthesameclock cyclein which SOCMOD.IN is assertedTheremainingl3 (32-bit)wordsarrive
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Figure3: Timing diagramfor Cell Input Interface.
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Figure4: Timing diagramfor Cell Outputinterface.

on thefollowing 13 clock cycles. Therefore the entire ATM cell is transferredo the modulein 14 clock
cycles.

TCA_MOD.IN

Thissignalperformsthehandshakéackto theinputfor cell transfer Whenthis signalis assertedhigh,
theinputis freeto sendcells. Holding this signallow preventgheinputfrom sendingcells. TCA_MOD _IN
mustbevalid atleast6 clock cyclesbeforethelastcycle of the currentcell transfer

4 Cedll Output Interface

TheCell Outputinterfacemustsendout ATM cellsas14,32-bitwords. A 32-bitparalleldatapathandtwo

flow controlsignalsareusedto outputcellsfrom amodule.If TransmitCell Available(TCA_ OUT_MOD)

is assertedy the output,the modulemustnot senda cell. Whensendinga cell, the modulemustsenda
completeATM cell. Thefirst 32-bitword of thecell mustarrivewith Startof Cell (SOCOUT_MOD) and
theremainingl3wordsof thecell mustbesentonthesubsequertlock cycles. Thetiming for thesesignals
is shownin Figure4.

SOC_.OUT_MOD

This signalis assertedhigh for oneclock cycleto signalthe Startof Cell. This signalmaybedrivento
theNID or adownstreanmodule.It mustbeassertedynchronouso CLK.
D_OUT_MODI[31:0]

This 32-bit outputdatabus carriesthe 32-bit words of the ATM cell. The first word of the ATM cell
mustbe senton the sameclock cycle in which SOCOUT_MOD is asserted.The remaining13 (32-bit)

wordsmustbe senton the following 13 clock cycles. Therefore the entire ATM cell is transferredo the
outputin 14 clockcycles.

TCA_OUT_MOD



This signalperformsthe handshakdackto the modulefor cell transfer Whenthis signalis asserted
high,themoduleis freeto sendcells. Whenthis signalis heldlow, themodulemustnotsendcells. Modules
mustsampleTCA_OUT_MOD no soonetthan3 clock cyclesprior to assertingsOC OUT_MOD.

5 SRAM Interface

BothoftheSRAMsontheFPXboardareaccessibl&romtheRAD FPGA.RAD ModulesmayaccesSRAM
by interfacingto oneof thetwo identicalSRAM Interfaces.Theseinterfacesimplify memorytransactions
by abstractindfRAD modulesfrom the signaltiming constraintof the Micron ZBT SRAM. Eachmemory
interfacearbitrategequest$or memoryaccessisingareques(SRAM_REQ)andgrant(SRAM_GR)signal
handshakeOnceamoduleis grantedaccesso memoryit mayreadfrom memoryby holdingtheread/write
signal(SRAM_RW) high andissuingthe readaddres®on the addressignals(SRAM_ADDR[17:0]). The
readdatawill appearon the datainput signals(SRAM_D_IN[35:0]) after 4 clock cycles. A modulemay
write to memoryby assertinghe read/writesignallow, issuingthe write addresson the addresssignals,
andissuingthewrite dataon the dataoutputsignals(SRAM_D_OUT[35:0]). A modulemayissueareador
write on everyclockcycle.

All modulesmustflop all 10 signalsat the moduleboundaryto guaranteehat designswill meetpost
layouttiming. Thus,datafrom readtransactiongvill beavailableinsidethemoduleaftersix (6) clock-cycles.
Thiswill bethereferenceointfor subsequertiming diagramsandis illustratedin Figure5.

Figure6 showsanexamplememorytransactionThemoduleissuesarequesandreceivesagrantonthe
nextclockcycle(assumingiootherdevicesarecurrentlyusingmemory). Themodulethenissuesequential
transactionswrite 0, write 1, write 2, readO, write 3, readl, read2, read3. Thedataandaddressearethe
samein this examplefor simplicity. Notethatthe grantsignalis loweredbeforethe memorytransactions
arecomplete.After receivingthedatafrom thelastread,the modulede-assertiis requessignalto release
thememory

SRAM_REQ

This signalis assertedhigh to the SRAM interfaceto requeseandhold accesso memory Themodule
musthold this signalhigh until the memorytransactioris complete.

SRAM_GR

Thissignalis assertethighto themodulewhenthe SRAMinterfacegrantshemoduleaccesso memory
Whena contendingmodulerequestsaccesgo memory this signalis de-assertetbw. The modulemust
completeits currenttransactionsandreleasethe memoryby de-assertingts requestsignal. Note thata
modulemayhold memoryfor severatyclesafterthegrantsignalis removedn orderto completeamemory
transaction.The moduledesignelis responsibldor ensuringthat starvationof a contendingnoduledoes
notoccur

SRAM _ADDR[17:0]
This 18-bitaddresbuscarriesthememoryaddresgor readsandwrites.
SRAM _RW

This signalspecifieghe type of memoryaccessHigh assertiorspecifiesa read,while alow assertion
specifieaawrite. The moduleshouldhold this signalhigh (READ) exceptwhenassertingt low (WRITE)
with theaddressanddatafor awrite transactiorio preventoverwritingvalid memorycontents.

SRAM _D_IN[35:0]
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Figure5: Pointof referencdor moduleSRAM timing diagram.This assumethatall signalsarefloppedat
themoduleboundaryprovidingasix (6) clock-cyclelatencyto externalSRAM.
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Figure6: Module timing diagramfor SRAM Interface. Note that this diagramusesa point of reference
from insidethemoduleandassumeshatall signalsarefloppedatthe moduleboundary



This 36-bitdatabuscarriesreaddatafrom memory Readdatais available4 clock cyclesaftertheread
signalandaddressreasserted.

SRAM_D_OUTI[35:0]

This 36-bit databus carrieswrite datato memory Write datamustbe issuedduring the sameclock
cyclethataddressaindwrite (SRAM_RW = 0) areassertedDatawill bewrittento memory4 clock cycles
afterthereadsignal,addressanddataareasserted.
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Figure8: Connectinga moduleto the SDRAM interface

6 SDRAM Interface

Figure7 showsthe moduleinterfacefor the SDRAM. This interfacehastwo typesof signals: onewhich
participatein the arbitrationfor the SDRAM accessand other which actually accesgshe SDRAM. The
signalsRequestGrantl,Grant2shownin this figure are usedfor the arbitrationwhile othersare usedto
accesshe SDRAM. Whenamodulewantsto makea SDRAM operationjt requestshe SDRAM interface
for the SDRAM accesdy assertinghe Requessignalhigh. A modulecan makemultiple requestgor
multiple SDRAM operationsby holding the Requessignal high for multiple clock cycles. Eachrequest
correspondgo one SDRAM operation. After making the request(sthen modulewaits for the Grantl
signal. Whenthe Grantlsignalis assertethigh, themodulegivesall theinformationregardingts SDRAM
transactioriike theaddresstheoperatiortypeandtheburstlengthto the SDRAM interfaceon thelnfoBus.
The SDRAM interfaceanalyzeghis informationandscheduleshe actualSDRAM accesdgor this module.
At thescheduledime,the SDRAM interfaceassert$rant2high which meanghattherequestfirst request
in thequeuen caseof multiple requestshasbeengrantedaccesso the SDRAM andmodulecanreadthe
datafrom the DataBusin caseof readrequesbr put dataon the DataBusin caseof awrite requestAll the
requestsnademy a moduleareservicedsequentiallywhich meandf informationregardingrequestA was
sentbeforetheinformationregardingherequesB thenA will beservicedoeforeB.
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Figure9: Timing diagramfor a burstreadoperation
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Figure10: Timing diagramfor a burstwrite operation



Figure9 showsthe exactprotocolandtiming for a burstreadoperationof burstlengthn andFigure10
showsthetiming of a burstwrite operationof lengthn . Thediscontinuatiorsign on the signalsindicates
thatthereis avariableclock cyclesof latencybetweertheRequesandGrantlaswell asGrantlandGrant2.

Figure8 showshowthe moduleis connectedo the SDRAM interface.Requessignalof module’x’ is
connectedo the Request(xpf the SDRAM interface. Similarly Grantlsignalof moduleis connecctedo
Grantl(x)andGrant2to Grant2(x)of the SDRAM interface.

Followingis thelist of interfacesignalsandtheir purpose.

¢ Request This signalis usedto makea requesto the SDRAM interfacefor SDRAM access.Each
requestorresponds oneSDRAM transaction.Thenumberof requestsnades equalto thenumber
of clock cyclesfor which the Requests assertedhigh. Everyrequesgetscorrespondingjrant. The
number of outstanding requests which haven't got the grant can not exceed 3. Thus,if a module
assertsherequessignalhighfor 3 clock cyclesthenit meandt hasmade3 requestandif thefirst
requesgetsa grantthenthe modulecanmakeonly onemorerequest.

e Grantl: This signalis the input to the modulefrom the SDRAM interface. Whenthis signal is
assertedhigh, it meanghatthe modulehasbeengivengrantto accesshe InfoBus(describethelow),
onwhichit canputthe informationregardingonly one the SDRAM transactiorit wantsto do. This
informationincludesthe SDRAM addressthe type of operation(reador write) andthe burstlength
of this operation. First the 23 bit addresshouldappearon the InfoBus at the time shownin the
Figurel0andFigure9 thenburstlengthandoperationtype shouldappeatogetheron the busin the
nextclock cycleThe number of clock cycles between the Request and Grantl is variable.

¢ InfoBus[22:0]: Thisis a unidirectionaltristatebuswhich is usedto supplyinformationregardinga
SDRAMtransactiortotheSDRAM interface.After Grantlis givento themodule it shouldputthe23
bit addres®n thelnfoBussuchthatInfoBus[22:0]= Address[22:0]In thenextclock cycleit should
putthe 8 bit burstlengthandthe operatiortype onthelnfoBussuchthatinfoBus(8)= OperationVpe
andInfoBus[7:0]= BurstLength[7:0].The conventiorfor the operationtypeis Operationype="0’
for aread operationand’l’ for a write operation. Other than these two clock cycles, the module
should always drive HiZ on the InfoBus.

e Grant2: This signalis a input to the modulefrom the SDRAM interface. For a readoperationas
shownin Figure9, whenGrant2signalis assertethighthemoduleshouldstarttakingin the datafrom
the nextclock cycle. This datacorrespondso the readrequestwhich wasat the headof the queue.
Sinceall the requestsnadeby the moduleareservicedin the sameorderin which they appearthe
moduleshouldkeeptrack of the which datacorresponds$o which request.For a write operationas
shownin Figure10,whenGrant2signalis assertedhigh, thenmoduleshouldstartputtingdatawords
onthedatabustwo clock cyclesthereafter

¢ DataBus[63:0] Thisis abidirectionaltri-statedatabus. Themoduleshoulddrive HiZ whenit is not
usedby themodule.
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