kSize(mm) (mmArea2 ) ransistorsTimeCycleeav(ns) ID 0.67 � 0.85 0.57 4722 8 OF 0.46 � 0.63 0.29 2058 14 CS0.75 � 0.53 0.40 4518 17 ALU 0.40 � 0.31 0.12 1307 9 he3.39 � 1.93 6 120K � /stagehe3.59 � 1.79 4 70K � /stageC4.20 � 4.00 17 � 200K ? 1: ablecsStatistitherds�gureserformancegenerated.eorateincorpandautomation,util-itstelopmenECSgenerationar-ancedseenarejorma.dologypi-hisandKimhelp-forAus-thehol-Scarship. erryPsReference[1] rankFunicationsComm1989.June[2] pp.720-738,CM,uni-CommPhDCircuits",1991.er[3] bSeptemCom-romCircuits",eunication,Comm1990.,[4] esleyAddison-WCircuitsVLSIthesis,PhD1987.June[5] MIT,EEE,IssuesecialSo-Computer1995.Spring[6] 1994,SummerDi-Radix-2Circuit",Self-TimedComputeron.England[7] Bath,1995,:esofDept.ofyA.W[8] ashington,WFMtoTheort,1994ery bDecem. Adelaide,of[9] yersitM.J.,elt,cessor",MicroproDesignhronousJulyEngland,1995 ,yy ersitUniv. SouthBankes,[10] dologiMetho", ese-rHPCA-ECS-93/1 orter-Univ1993uaryy JanAdelaide,. ofy[11] sitTheransi-T", SystemsInternal trolledCon12Uni-The1993ery OctobAdelaide,. ofy[12] ersitvofDetection", onsHPCA-rtECS-95/2 oAde-of1995uaryy Janlaide,. yersit[13] UnivThetrolledConec-Sp", v.2HPCA-rtECS-93/10 oAde-of1993ery bSeptem. laide,y[14] ersitUniv\Com-A.,h",Approac1990.,[15] PublishersKaufmann\In-J.,micro-C", cessorHPCA-ECS-94/7 ortDept.,erDecmeb1994 Adelaide,ofy yersit. UnivThe[16] E.E.E.,ofR.L.,Coates,sFlip-Flop-StateSolid1989.ebuary[17] F1,er-OpC-30ol.1981.ebuary[18] F2,J.,M.Strategiesk", -PHPCA-ECS-94/4 ort, epRebru-F1994aryy Adelaide,of. yersit[19] UnivTheMi-estingancedAdvSystems",and1994.y ./www.elecengissue, toIssue ready ishigh,esthe ofSet alue vond-correspthe tog ecur-theofalueWait v thefor in resultg ethisofthe inWB es arrivstage, instruction resultComplete the Whenesgothe tingeset Rsetting ter,Wait counincremen(R Wead- RAA handlesfter- hemeW scrite) This.ahaswillinstructiont anWait relev theeing blow signal ere-thewithdeal(W Write- AA Wfter- toW requiredwillstagesame thegetheofSet alue vandonce,us thWait than morethe tohigh return onlyallwhent ang ecom-epleted. vhathetosolu-Onein-tainunitsthesew-Hoyman-taius thl stalelinepipIf �nished.der out-of-orcom- hadhepro-ueer-opa inldiagramAwnsho(Hazard-HD/So�end-thetial otend etowriteccur.oVI tooutest erformancePissuesytheinsulatethet,to instructionsdisable includes ISAthatsotheofaddition,Inevydela-manipulatokter-ininusedthatso(upaluethisusinganotinyusingwithdealterfaceIn19hes[en-vandathn.domaire-ECSh.searc0.8� am in tedcmosdlmtheatEC-ofusing atedhspice ulsomeandebconsiderable.isIVIConclusion CAmi-edesignhronoussimple etuitivandsystems,ancedadveri-vhitec-arcorates incorpaches cand and ture,o-synchrnism external ylehronousasyncdate,tox-approimately of 0 busdatasomecauseserfor-pebtedenelop-devwloin assump- hniquestecelinePipheConditionelineelinepipandonkstacforaddresseshe.DCactheora o p oflogictheandsignif-inearsappsecondTheterme-innotisThe vings.assingbyp8.Fig.the Counter amondingcorrespfrom CSAaluevhes,brancfor addressescall return einstructions, vsaPCholdustshanismeline.pipawhethertheytoo p hesbranc(sometlyinstructionsalltoo p theofPCthein-{klyquicas o p s. - s s ap-anthe onding arhwhichemescasw9ed[walloder out-of-orcompletion. notdidithemeScawithinresultsbus 16-bitWait the ThisWhenoutputs.onding correspWait the comparatorsourcetheissued)ethe tilWait unait3: erviewOvell-w3hnique[eration.opout-etrol a oin dule. oFigure Cstillareexter-thefromcominge bd oniseexternaltheproblem,wnmetastability ell-kno6117,syn-the5.terenyb5).Fig. ip- op, theqwithhronousto ect ip- op,theqo-pcrit-ahronousasyncreduc-toerrorshronisationECS.in{ unithspice functionalelinedpiphronous terfaceInathatyb9elining[15,eline,pipsys-theparame-umerfor-pthetoiseline6.Fig.ecial spustmos-pkcdatanewcannotheisterface15he[This ].unique ICac thetheinrequiringye be eeginningbcessing.proV misseforeC i eline elinepiptrol fast- instructionandhemes.- hes latcd defromtion{instructionandcationsIDfrominstruc-particularisitd issueThe ast ol example the involtage s eformand v aal ordomains tempwces-provirtualtofdiagramwnshowillkser.papthiscessormicroprosim-aare es,ypInstruc-de.t di�erenoups grof fourof(ad loand access memorys o e com-),includ-groupcom-testaddress-and9here[shoulditis instructionsvari- oflengthable the thatandinstructionsCAthese{ainad-ecessor.prohitecturearchecac9requests[15,con-he)datapath)bithetovilyheahronous fo , bu�er-instructionfedisthe erand thetrolsonlystagefetches OF (theaccessedtheoutputofbuses. setal(A stagedder, CS AC Theomparator, m S teroinareh2 theinowbit inAdderstheALU,all andrequeststhewritesh.brancaorating8-bit TheCA.era-ophucALU.theoneandad-oratingdo todinghosenchandling willThisSection . IV C emor E terfaceIninplacessys-memory3.Fig.eline,pipitwhenmisses orycomingrequeststoaccessit whenmisses memorywhen ors o e aresautonomousareymaproblemwnof ell-kno won3[5,arbiteranFig. ciatedassoarbitraryato inerslthe tod-moule arbiter appliedde-duleIer ie roac cri-nfunda-underendenc7y[oftationnew aal orun-Ftal em-yse bdusthpar-acir-tcannotgatescom-negligibleecausebcircuitssmaller8[10,relaxingtlyThe ts.domain alwsallota-nsimpleadesign.forthe splitssignals ECS orko wabsolutely ttodistinct in system{ eslines eventausingand h,lines datanor-aretrolconconstructedareaneciatedassoondingcorrespdatainputriggershThisdata).in diedciation rinciple of ECS. The ansformationsig-transformsthe involtage nals hthe toal oruniqueatooneone. isv v where and andesub-thescripts signal, oleanv o band the oft transitions eeitherinand rep-merelythethroughfor er,linessignaltheecomes btrue , event(or ev wone Howhen-domainthe involtage ccurs oi.e.v v ol lines.dataactual thec-etion dir astransition-fortran-asition that wdtran-eo-tempnothathetilonding esphasexists)ccuredthe xclusion rinciple example,called eratorafter opindicating,causetheform thee ctausec, 11[In].t set isfalse t,true.ecomeeingbECUs.ofeci�ed spompletely ctim-ofhwhicAt.\Condition thaty eci�es spaf-ccurscondition(s) terx ooferthe toafter addition ineddescrib13e[]. voa termedlast gate, ECSgate simpleaa t).C-elemenor olt-vtheinde�nes curing c(i.e. otem-theoleanoerator opa d on sets inputs thefalse evistrue onlyously instantaneoTdo-oltagetransformationoralget an isa d function nota-thesimple nota-eoffunctionsystem.enIer ie CAArc ECST itecture mak-eseratesopThecessor.d-modatap-8-bitbusaddressprogramsles e i e usingfor13them[]. . . . A stract de-onousom-cdimplementewe asyn-antwo-aor-incmi-onousas suchhes cacand external hronism I tro uction eriencingexph,researcasso-problemsecomingbtheandareaossi-paterateerwdesigntheatrolstheaddition,themeetstheforsignalers,errid-vdesigner.circuitproblemstheseawithofkswledgeknoInene�ts.signif-istransitioningtinouserform-pymao-comprathererage-caseer-ped vly, ementaly Electrical Elec ni t mail sam ..aua instep-wise than ratherheaca inendent data-depman- erateopen-depap-hronouser-Pis-theofdesignex-ashazard-prone. huc1[2,3, concern ], gotoerformancepusessystemsation ommunichronisingsyncthistsome inad overhecom-forandareatorelationdatapath). ofsationelylikcallocol.prototrans-themain-designh-tecd-pro5[6,erformancepcriticaltheofacceptancehniques.tecSys-trolledewpaths,dataproto-acessor, CS Cdiscussesermi-theer-presults.tiono-wor phase’ling signalcom-caltheardserformance LSI ofdesignframe-onehsucesta-in