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SystemC-to-Layout ASIC Flow Walkthrough 20.6.2015

Running the Demo
Youcanexecutetheflowautomaticallybyexecutingthecshshellscript:


cshrun_ASIC_demo.cshThescriptrunsalltoolsinasequence.Somethingsyoushouldbeawareare:

Sometoolsmaybeunresponsivewhentheyexecutecommands,sobepatient.
Afterthescriptsfinish,theyopenreportfilesgeneratedbythetoolinatexteditor.When

youhavefinishedexaminingthereports,closethetexteditor.
Thedesignremainsloadedintheprogram,soyoucaninspectitusingtheuserinterface

commands.
Whenyouarereadytocontinue,exitthetoolfromtheFilemenu.Sometimesyoumay

havetotypeexitorquit.

Executing the Flow Step by Step
Youcanexecutetheflowonetoolatatimebyfollowingtheinstructionshownbelow.

SystemC Model Simulation
The"goldenmodel"hasbeenwritteninSystemC.Themodelcanbesimulatedbycompilingthesourcecodefilesintoanexecutableprogram,orbyusingtheQuestaSimsimulator.ASystemCtestbenchisavailableforthat.LaterthemodelcanbeinstantiatedasareferencemodelintheSystemVerilogtestbenchthatisusedtoverifytheRTLmodel.Tocompilethefileswiththeg++compiler,enterthecommand

makefscripts/Makefile.sc

Tosimulatethedesign,type

makefscripts/Makefile.scsim


Simulationresultsaredumpedtotheterminalintextformat.TosimulatethemodelwithQuestaSim,usethecommand

vsimdoscripts/1_vsim_systemc_simulation.tcl


	
YoucanviewthesimulationresultsintheWavewindow.


QuestaSimWavewindowshowingSystemCsimulationresults.SystemCmodelstructureisshownontheleft.

SystemC Synthesis
TheSystemCmodelcanbesynthesizedintoRTLVerilogusingCadenceCtoSiliconhighlevelsynthesistoolwiththecommand:

ctosguiscripts/2_ctos_hls.tcl


ThescripthasbeensetuptoscheduletheFIRfilteralgorithmonsixclockcycles.


	

CadenceCtoSiliconCompilersynthesisresultsviews:SynthesizedRTLschematicontheleft,andacontroldataflowgraphontheright,showingonwhichclockcyclesthehighlightedmultiplierisactive.


Notice!Theremainderofthisdemousesthe"handcrafted"RTLmodelofthecircuit.YoucansetthevariableHLS_RTLto1ininput/0_setup_design.tclifyouwanttousetheRTLmodelsynthesizedfromSystemC,butmostofSystemverilogassertionswillthenbeexcludedfromformalverification.

RTL Model Simulation
TheRTLSystemVerilogmodelcanbesimulatedwithQuestaSimusingthecommand:

vsimdoscripts/3_vsim_rtl_simulation.tcl


ThesimulationusesanUVMtestbenchwiththeSystemCmodelinstantiatedasareferencemodel.SimulationresultscanbeviewedintheWave,Assertions,andCoveragewindows.ThesimulatorsaveaSAIFformatactivityfilethatisusedbythelogicsynthesistoolforpowerestimation.


	

QuestaSimWaveviewershowingsignalandassertionevaluationwaveforms.

Formal Verification
SystemVerilogassertionswrittenforthedesigncanbeformallyverifiedusingtheQuestaFormaltoolasfollows:

qformaldoscripts/3_qformal_rtl_verification.tcl


Thetoolprovesassertionstobetrueorfalsebytryingtofindcounterexamplesthatcauseassertionstofail.Acounterexampleisastateofthecircuit,thatcanbereachedfromaninitialstate,andthatcausesanassertiontofail.Thisverificationmethoddoesnotdependoninputstimulicreatedbythedesigner.


	

QuestaFormalanalysisresultsviewshowingseveralfiredassertions,onevacuouslyprovenandthreeprovenassertions.Thewaveformwindowpresentsacounterexamplethatprovestheassertionctr8_init_atobefalse.

RTL Code Check
TheRTLcodecanbecheckedformanycommoncodingerrorsorbadcodingstylewithQuestaAutoCheckusingthecommand:

qautocheckdoscripts/3_qautocheck_rtl_verification.tcl


	

QuestaAutoCheckanalysisresultsshowingthreepotentialproblems.Theselectedcaseshowapotentialarithmeticoverflowsituation.

Clock Domain Crossings Verification
PropersynchronizationofclockdomaincrossingsignalscanbeverifiedwithQuestaCDCbyusingthecommand:

qcdcdoscripts/3_qcdc_static_cdc_analysis.tcl


Ifthetooldetectscrossingsthatcannotbeproventobecorrect,itlabelstheseas"evaluations".Thesecrossingsmustbeverifiedbysimulation.Thetoolcreatesasimulationmodelthatcontainsassertionsthatchecktheoperationofthesynchronizersduringsimulation.Youcanrunthesimulationandanalyzetheresultsusingthecommand:

qcdcdoscripts/3_qcdc_dynamic_cdc_analysis.tcl

SimulationresultsareontheSimulationtab.


	

QuestaCDCstaticanalysisresultsviewshowingoneclockdomaincrossingsignalwithaviolation,four"evaluations"thathavetobesimulated,andfourcrossingsproventobecorrect.Theschematicshowsthecrossingthatcausedtheviolation(atwoflipflopsynchronizerdrivenbycombinationallogic).

RTL Synthesis with Clock Gate and Scan Chain Insertion
TheRTLSystemVerilogmodelcanbesynthesizedintogatesusingSynopsysDesignCompilerwiththefollowingcommand:design_visionxgui_startfscripts/4_dc_rtl_synthesis.tcl


ThiscommandtranslatestheSystemVerilogcodeintogenericflipflopsandBooleanlogicfunctions,andmapsthesetocomponentsavailableinthetargettechnologylibrarysothatitmeetsthetimingconstraintsdefinedinthesettingsfilesample_design.sdc.Thescriptalso


	

insertsclockgatingcellstoreducedynamicpowerconsumption,andcreatesscanchainsthatimprovetestability.


SynopsysDesignCompilerRTLsynthesisresultsviews:Logicalstructure,pathslack(timingmargin)histogram,andagatelevelschematic.

Formal Equivalence Check of RTL and Gate-Level Models
ThelogicalequivalenceoftheRTLSystemVerilogmodelandthesynthesizedgatelevelVerilognetlist(output/sample_design_gatelevel.v)canbeverifiedusingtheSynopsysFormalityprogramwiththecommand:

formalityfilescripts/5_formality_gatelevel_verification.tcl


	

SynopsysFormalityresultsviewshowing"logiccones"foronecomparepoint.Topschematicshowsthelogicdrivingacomparepoint(flipflopinput)inRTLSystemVerilogcode.Bottomschematicshowsthelogicconeforthesamecomparepointinthesynthesizedgatelevelmodel.

Gate-Level Simulation
YoucansimulatethesynthesizedgatelevelmodelwiththeRTLmodelasareferencemodelusingthiscommand:

vsimdoscripts/5_vsim_gatelevel_simulation.tcl


Becausethelogicsynthesisprogramdoesnotfixholdviolations,timingchecksaredisabledingatelevelsimulation.Holdviolationsarefixedinthelayoutphase,afterclocktreeinsertion.

Standard Cell Place and Route with Clock Tree Synthesis
YoucancreatealayoutforthedesignusingCadenceEncounterstandardcellplaceandroutetoolwiththecommand:


	
encounterreplayscripts/6_encounter_layout_synthesis.tcl


CadenceEncounterlayoutview.Theareaoccupiedbythethreearchitecturalunitsishighlightedwithdifferentcolors:orangeforthedaq_unit,blueforthecdc_unit,andyellowforthespi_slave.Thewhilelinesshowclocktreeroutings.


	
Formal Equivalence Check of Pre- and Post-Layout Models
LogicalequivalenceofthesynthesizedgatelevelVerilognetlist(output/sample_design_gatelevel.v)andthefinalpostlayoutnetlist(output/sample_design_postlayout.v)canbeverifiedusingFormalitywiththecommand:

formalityfilescripts/7_formality_postlayout_verification.tcl

Post-Layout Timing Simulation
YoucansimulatethepostlayoutgatelevelmodelwiththeRTLmodelasareferencemodelusingthiscommand:

vsimdoscripts/7_vsim_postlayout_simulation.tcl


Timingchecksaredisabledforfirstlevelsynchronizerflipflopsinthissimulation.


Inpostlayoutsimulationthespuriousvaluesseeninthe"analog"representationofthe16bitdata_outsignalarecausedbyoutputbitschangingatslightlydifferenttimesbecauseofdifferentflipfloptooutputdelays.

Post-Layout Static Timing Analysis
YoucanrunstatictiminganalysisofthepostlayoutnetlistwithparasiticdatausingSynopsysPrimeTimewiththecommand:


	

primetimexgui_startguifilescripts/7_primetime_postlayout_sta.tcl


PrimeTime'spathanalyzerwindow:Theleftpartshowstheworst100timingpathsintheregistertoregisterpathgroup,organizedaccordingtotheirstartingpointandworstnegativeslack(WNS).Therightpartshowsacolorcodedmapwheretheareasrepresentthenumberofpathsinthedifferentslackcategories.Inthiscaseallslacksarepositive,sothenumberofviolatingpaths(NVP)iszero.

Post-Layout Simulation for Dynamic Power Consumption Analysis
Dynamicpoweranalysisneedsinformationabouttheswitchingactivityofthesignalsinthedesign.Youcancapturethisactivitydatafromsimulationbyexecutingthefollowingcommand:

vsimdoscripts/8_vsim_postlayout_power_simulation.tcl


Thiscommandrunspostlayoutsimulationwithtimingchecksdisabled,andsavesactivityinformationinavaluechangedump(VCD)filethatcanbeusedinapoweranalysistool.

Post-Layout Dynamic Power Consumption Analysis
YoucananalyzethepowerconsumptionofthecircuitbyrunningSynopsysPrimeTimePXusingthecommand:


	

primetimexgui_startguifilescripts/8_primetime_power_analysis.tcl


ThiscommandreadsinthepostlayoutnetlistandparasiticcapacitancedatafilecreatedbyEncounter,andtheVCDfilecreatedbysimulation,andcalculatesapowerconsumptionestimate.


PrimeTimePXpowermapviewshowsthecontributionofarchitecturalblocksandindividualcomponentstothetotalpowerconsumptionwithareaandcolorcoding.


ThePrimeTimePXscriptopensawaveformviewerthatshowsthevariationofpowerconsumptionofthedesignovertime.


	

PrimeTimePX'spowerwaveformviewshowsdynamicpowerconsumptionovertime.Inthefigureshownabovethedata_fifoisseenconsumingalotofpowerwhenthefilterisbeingprogrammedandthefifo_clrsignalisactive(synchronousreset).This"opens"allclockgatesatthesametime,whichcausespowerconsumptiontorise.

Automatic Test Pattern Generation
YoucangeneratetestpatternsformanufacturingtestwithSynopsysTetraMaxbyusingthecommand:

tmaxscripts/9_tmax_atpg.tcl


ThescriptreadsinthepostlayoutnetlistsandaSTILfilethatdescribestheteststructuresinsertedbythelogicsynthesistool,andgeneratespatternsbasedonthestuckatfaultmodel.


	

SynopsysTetraMaxfaultanalysisview.Astuckatfaultattheinputofthehighlightedgatecouldnotbetestedbecauseitsstatecouldnotbeobservedfromthescanpathflipflopintherightendoftheschematic.
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