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ABSTRACT

A hybrid analog/digital very large-scale integration (VLSI) implementation of a spiking neural
networkwithprogrammablesynapticweightswasdesigned.Thesynapticweightvaluesarestoredin
anasynchronousmodule,whichisinterfacedtoafastcurrent-modeevent-drivenDACforproducing
synapticcurrentswiththeappropriateamplitudevalues.Itactsasatransceiver,receivingasynchronous
eventsfor input,performingneuralcomputationswithhybridanalog/digitalcircuitsonthe input
spikes,andeventuallyproducingdigitalasynchronouseventsinoutput.Input,output,andsynaptic
weightvaluesaretransmittedto/fromthechipusingacommoncommunicationprotocolbasedonthe
addresseventrepresentation(AER).Usingthisrepresentation,itispossibletointerfacethedeviceto
aworkstationoramicrocontrollerandexploretheeffectofdifferenttypesofspike-timingdependent
plasticity(STDP)learningalgorithmsforupdatingthesynapticweightsvaluesintheCAMmodule.
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1. INTRodUCTIoN

1.1 Biological Neuron
Aneuronisaspecializedtypeofcellfoundinthebodiesofalleumetozoans.Onlyspongesanda
fewothersimpleranimalslackneurons.Thefeaturesthatdefineaneuronareelectricalexcitability
andthepresenceofsynapses,whicharecomplexmembranejunctionsthattransmitsignalstoother
cells.Thebody’sneurons,plustheglialcellsthatgivethemstructuralandmetabolicsupport,together
constitutethenervoussystem.Invertebrates,themajorityofneuronsbelongtothecentralnervous
system,butsomeresideinperipheralganglia,andmanysensoryneuronsaresituatedinsensory
organssuchastheretinaandcochlea(Myersetal.,2007).

Thesomaisusuallycompact;theaxonanddendritesarefilamentsthatextrudefromit.Dendrites
typicallybranchprofusely,gettingthinnerwitheachbranching,andextendingtheirfarthestbranches
afewhundredmicrometersfromthesoma.Theaxonleavesthesomaataswellingcalledtheaxon
hillock,andcanextendforgreatdistances,givingrisetohundredsofbranches.Unlikedendrites,an
axonusuallymaintainsthesamediameterasitextends.Thesomamaygiverisetonumerousdendrites,
butnevertomorethanoneaxon(Liuetal.,2010).Synapticsignalsfromotherneuronsarereceived
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bythesomaanddendrites;signalstootherneuronsaretransmittedbytheaxon.Atypicalsynapse,
then,isacontactbetweentheaxonofoneneuronandadendriteorsomaofanother.Synapticsignals
maybeexcitatoryorinhibitory.Ifthenetexcitationreceivedbyaneuronoverashortperiodoftime
islargeenough,theneurongeneratesabriefpulsecalledanactionpotential,whichoriginatesat
thesomaandpropagatesrapidlyalongtheaxon,activatingsynapsesontootherneuronsasitgoes.

1.2 Artificial Neural Networks
Artificialneuralnetworksareparallel computationalmodels, comprisingdensely interconnected
adaptiveprocessingunits.Thesenetworksarecomposedofmanybutsimpleprocessors(relative,
say,toaPC,whichgenerallyhasasingle,powerfulprocessor)actinginparalleltomodelnonlinear
staticordynamicsystems,whereacomplexrelationshipexistsbetweenaninputanditscorresponding
output(Hasleretal.,2010).Artificialneuralnetworksareviablemodelsforawidevarietyofproblems,
includingpatternclassification,speechsynthesisandrecognition,adaptiveinterfacesbetweenhumans
andcomplexphysicalsystems,functionapproximation,imagecompression,forecastingandprediction,
andnonlinearsystemmodeling.

Thesenetworksare“neural”inthesensethat theymayhavebeeninspiredbythebrainand
neuroscience,butnotnecessarilybecausetheyarefaithfulmodelsofbiological,neuralorcognitive
phenomena.Infact,manyartificialneuralnetworksaremorecloselyrelatedtotraditionalmathematical
and/orstatisticalmodels,suchasnonparametricpatternclassifiers,clusteringalgorithms,nonlinear
filtersandstatisticalregressionmodels,thantheyaretoneurobiologicalmodels(Sontagetal.,2000;
Indiverietal.,2007).

1.3 VLSI- Neural Networks
Artificialneuralnetworks(ANN)areparallelalgorithms.Their inherentparallelismmakesthem
particularlysuitedtoparallelVLSIimplementations,i.e.thedevelopmentofdedicatedcircuitsor
architecturesthatareabletoperformmanyoperationsinparallel.AsANNinvolvesimilaroperations
tobeperformedinparallel,itisparticularlyeasytodevelopdedicatedparallelarchitectures:mostof
themarebasedontherepetitionofidenticaldevices,eachofthemperformingoneoftheoperations.
ParallelarchitecturesforANNarejustifiedbythefactthatmostANNlearningalgorithmsinvolvea
highcomputationalload.Sincetheearlybeginningoftheneuralnetworksresearch,onehasnaturally
beentemptedtodevelopspecializedmachines,inordertolightenthecomputationalload.

AnothernicefeatureofANNisthatmostalgorithmsmainlyinvolvesimpleoperations.Indeed,
thosealgorithmswithbiologicalinspirationnaturallyusethesametypeofoperationsasfoundin
biologicalcells.Ofcourse,thereareexceptions:itisnotbecausepseudo-inverseofmatricesmay
befoundin“neural”algorithmsthatwecouldexpectourbraintoperformlargematrixinversions.
Inherentparallelism,simplicityofoperationsandhighcomputationalloadarethereasonswhyVLSI
implementationsofANNbecamesopopular.Sincethemid-80s,manyattemptshavebeenmade
towardstherealizationofVLSIcircuits,orlargermachines,suitedtothesimulationofANN(Yuet
al.,2010).ThedevelopmentofVLSIcircuitsimplementinglargenumbersofoperationsinparallelis
interestingonthepointofviewofthecircuitdesigner:aslargenumberofcellshavetobeintegrated,
one must carefully optimize them. Furthermore, connectivity, transmission of information, and
maximizationoftheuseofresourcesareinterestingproblemsgeneratedbysuchcircuits.

2. EXISTING SySTEM

2.1 Chip Architecture
Thechipwas fabricatedusingAMS0.35ComplementaryMetal-OxideSemiconductor (CMOS)
technology. It comprises five main blocks: the asynchronous controller, the SRAM block, the
neuralcore,thebiasgeneratorandtheAERInput/output(IO)interfaces(Scholzeetal.,2011).The
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