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Abstract   

AttheHighEnergyAcceleratorResearchOrganization（KEK），Japan，theB－  

factoryprojectisproceedingwiththeaimofmeasurlngCAviolatione鮎cts  
intheBmesonsystem．Fbrthispurpose，WeareCOnStruCtingtheBELLE  

detectorwi七hwhichwewillmeasurevertexpointsofBmesondecaysand  
tryto measure CFviolationeff6cts．Thesiliconvertexdetectorisoneof  
themostimportantofitssub－detectors払rdetectingthevertexpoints．In  

thesiliconvertexdetector，thereareabout82，000readoutstrips．Thedata－  

acquisition system must cope with readoutofthislargenumberofstrips  

ata500Hztriggerrate．Wehavedevelopedadistributeddata－aCquisition  

SyStemWith high－SPeed digitalsignalprocessorsた）rreadoutof七hesilicon  

vertexdetector．Inthesystemtest，WeCOuldhavefastenoughVMEtransf白r  

ratewith SHARCDSPVMEclusters．Wbcouldalsohavesu艮cientlyfast  

transf白rrateintheSHARClink．Thesilicondetectorsshowedarequiredlevel  

Ofperformance．Accordingtothepulseheightdistributions，Landaupeaks  

wereobservedaround20，000electronsinthismeasurement・Wemeasured  

S／Nratiosaround20brmostofthesilicondetectorladders・Theposition  
resolution ofthesilicon detectorladderswasestimatedtobe24．7pm．In  

thisthesis，itsconceptandperformanceareexplainedindetail・   
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Chapter 1 

Introduction  

AttheHighEnergyAcceleratorResearchOrganization（KEK），Japan，prepa－  

rationsfbrtheB－factoryprojectareunderway．Oneoftheobjectsofthis  

projectistomeasure CfLviolatione庁ectsintheBmesondecaysystemwith  
ane＋e－asymmetriccollider・   

Ⅵ厄willmeasurethee鮎ctsofCfLviolationbydetectingvertexpointsofB  
mesondecays．Forthispurpose，theBELLEdetectorisbeingconstructed．  

In the BELLE detector，many di鮎rent slユb－detectors willbe used．One  

Ofthe mostimportantsub－detectorsto detect thevertexpointisasilicon  
VerteXdetector（SVD）whichmeasurestrackpointswithafbwpmposition  
resolution．   

The SVD system consists ofmore than80，000readout strips．We are  

requiredto readout signalsat a500Hztriggerrate・Theda七a－aCquisition  
（DAQ）system払rthedetectormustcopewiththisrequirement・Tbrealize  
thisrequirement，WehaveconstructedaDAQsystembasedondigitalsig－  

nalprocessors（DSP）．Oneofthemostimpor七antfbaturesisthatourDAQ  

SyStemisbasedonadistributedreadoutsystemwiththehelpofDSPs．   

TheseDSPsusedarecalledSHARC（SuperHarvardARchitectureComputer）  
Whichweresuppliedた・OmAnalogDevices，USA．ASHARCDSPhassixhigh  

SPeedlinkports（SHARClink）andacommonbusinterface・InourDAQ  
SyStem，WeuSedsixVME6U－SizeDSPboardssuppliedfromWIESEGmbH，  

Germany．ThisDSPboardcanmountuptosixSHARCDSPs・EachDSP  

can comm11nicate via acommonbuson theboard orSHARClink．   

Throughthepresentresearchanddevelopmentworkofconstructingthe  

DAQsystemforBELLESVD，WehavemadeaDSP－baseddistributedDAQ  

SyStembrSVD．Becausethesystemisbasedonadistributedscheme，eaCh  

1   
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program on SHARC DSPis basically the same．Each program can run  
independentlyexceptwhentheyarecontrolledbyahostcomputerinthe  
SameVME crate．   

InthewholeDAQsystemoftheBELLEdetector（globalrunmode），the  

SVDDAQsystemmustbecontrolledbythecentralDAQsystem（CDAQ）・  
Forthispurpose，WehavemadeCDAQinterfaceroutineswhichrunonSparc  

CPU－7V・Inaddition，WiththehelpoflinksofSHARCDSP，Wehavecon－  

StruCtedtheDAQsystemwithoutsendingdatatoCDAQ．Inthissystem，the  

SparcCPU－7Vusedasaruncontrolmastermodulestoresdataonalocal  
diskfromeachdetectoraslocaldata．Thissystemwaspreparedforchecking  

taskswithSVDonlywhenothersub－detectorsarenotengaged（localrun  
mode）・Thesystemwasalsousedfbrcheckingfunctionalitiesofeachdetec－  

tor・Thesystemhasperformedgoodstabilitythroughmanycheckingtasks・  
SincetheDAQ program was made ofmanysub－PrOgramS，We muSt tyPe  

manycommandsinexecuting．Tbavoidinconveniencefbrroutineworkers，  

WehavemadeaGUIbasedruncontroIsystem．   

InChapter2，IwillexplainabouttheB－physicsfbr CfLviolationstudy  

andthemotivationoftheKEKB－factoryproject．InChapter3，detailsof  

theBELLEdetectortogetherwiththesiliconvertexdetectoranditsDAQ  

SyStemWillbedescribed．InChapter4，backgroundefftctsinBELLESVD  

arediscussed．InChapter5，aSyStemteStOfthesiliconvertexdetectorwill  

bedescribedandtestresultswi11bediscussed．InChapter6，thesummary  

ofthis thesisis described．   



Chapter 2 

KEKB－FactoryandBELLE  

Detector  

2．1 CfLviolationinthe Bmesonsystem  

In1964，ane鮎ctofCFLviolationinKOdecaywasdiscoveredbyChristenson，  

Cronin，Fitchandnlrlay［1］・InanyOtherparticlesystems，e鮎ctsofCEL  

violation have not beenobserved．The B mesonis one ofthecandidates to  

revealCfLviolation e鮎cts．  

Table2．1：QuarksandleptonsintheStandardModel．   

Table2．1shows quarks andleptonsin the Standard Modelfor elec－  

troweakinteractions．TheelementsoftheCabibbo－Kobayashi－Maskawama－  

trix（CKM）［2］，VkM，Shownbelow，describethemixingbetweenthequark  

generations・  

鞍〟＝（琵琶琵）  

3   



C打APT且R2．疋乱打β一貫ACTORyAⅣDβEエエ且か且TECrOR  4  

Wherethefurthesto掛diagonalelementslんbandlろdareCOmPlexnumbers・In  
theWolfbnsteinparameterization［3］，theCKMmatrixiswrittenasfo1lows：   

12 陀〟＝（。入3：ごま叩） 或∠A入3午宜叩））  

Where there arefburparameters，入，A，Pandr7，that havetobeobtained  

ftomexperiments．Ofthefour，入andAarerelativelywelldeterminedand  

therelativevaluesofpand77SPeCifytheCKM CFviolatingphase・   
TheunitarityrelationoftheCKMmatriximpliesthat∑iTi言Ⅵk＝毎  

Whichgivesthe董bllowlngrelationinvolvinglんbandlろd‥  

軋dl電＋鴇dl電＋ⅥdⅥ芸＝0・  

This equationimplies that the three terms fbrm a closed trianglein the  

COmPlexplane asshowninFig・2・1・The threeinternalanglesofthis so－  

Figure2．1：UnitaritytriangleoftheCabibbo－Kobayashi－MaskawamatriⅩ・   

Calledunitaritytrian9learedefinedashllows：  
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¢2≡αヰ三豊），  
¢3≡α叩（一言豊）   
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IfCfLviolationexists，nOneOftheanglesarezero・InCP－Violationmeasure－  

ments，WehaveseveralmeasurementmethodsintheBdecaymode［4］．   

AtypicaldecaymodeofT（4S） 
inFig・2・2・DecaysofneutralBmesonsoriginatingfromtheT（4S）intoa  

8GeV e－  3．5GeV㌔  

t＝t2  

Figure2■2：TypicaldecaymodeofT（4S）intheKEKB，aSymmetricelectron－  

positroncollider，Wheretlandt2areprOPertimesofBO（評）and評（BO）  
decays，reSPeCtively．l＋andl‾areleptonwithpositiveandncgativecharge，  

respectively   

CPeigenstatefproduceC凪violatingasymmetriesAIgivenby［4］‥  

A′＝諾ヨに芸雷二手；＝Sin2¢押・Sin（△m・△f）， （2・1）  

whcrc△mdenotesthemassdi鮎rencebetweenthetwoBOmasselgenStateS  
and△t＝t2－tl・Here，tlandt2arethepropertimesfbrtheBOandBO  
decays，reSpeCtively．Thedeterminationof△壬isrequired払rtheobserva－  

tionofa CPasymmetryinexperirTtSatT（4S）・Theangle¢cpisthe  
phasedi鮎rencebetweentheBO－BOmiⅩingamplitudeandtheBO→f  
decayamplitudeandisdirectlyrelatedtotheinternalanglesoftheunitarity  
triangle．   
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Amongtheseveralmethods，¢1meaSurementuSingBO（評）→J／＊琉  
decaymodeisoneofthecleanestmethods．Inthenextsection，themethod  

is discussed．  

2．2 4）1meaSurementin BO→J／4，Ks decay  
mode   

Inthissection，ameaSurementmethodof¢1isdiscussed．   

One ofthe casesin which CP－Violations willbe measuredis a decay  

modeofBO（評）tosomeCFeigenstate・Thisphenomeno裏Srealizedasan  
interfbrenceofamplitudesbetweenBO→ふandBO→BO→み・Inthis  
SeCtion，thecaseofBO→J／4）KsasshowninFig・2・2isdescribed．   

Let，sthinkaboutthecaseinwhichBO（評）willdecayintoJ／＊and  
Ks・CPeigensta七esofJ／ゆandKsare－1and＋1，reSPeCtively・Figure2・3  

申OWSthequarkdiagramsresponsiblehrthedecayB→J／4，Ksviathe  

b→で（虎）quark－1evelprocess．ThedecayBO→J／＊Ks→l＋l－7T＋7T‾is  
themostpromisingmodefbrthe4）1meaSurementSincethebranchingratio  

fbrthisdecaymodehasbeenmeasuredandtheslgnalisverycleanwithno  

appreciablebackground．  

（a）  （b）  

＊＊       VtbIVcb  
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＊
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Figure2．3：Quarkdiagramsresponsible払rBB→J／＊Ks・   

TheprobabilitiesthatBOand評attimetdecayintoJ／4，Kiarede－  
SCribedasfbllows［5］：  

月（β0→Jル私）～e∬p（一r士）（1＋sin◎血（∬drま））   



C＃APT毘R2．∬且打月一貫ACTORyAⅣD月旦エエ且か且TECTOR  7  

R（BO→J／4，Ks）～eXP（－rま）（1－Sin◎sin（xdrま））  

Wherer，Sin◎andxdarethedecaywidthoftheBmeson，theparameterof  

CulviolationandthemixlngparameterintheBO評system，reSPeCtively．  
IfweassumeapaircreationofBOand評丘omtheT（4S），theprobability  

thatBO（評）decaysintoJ／ゆKsisdescribedasfo1lows‥   

R（BO評→BOJ／＊Ks）～eXPトr（t2＋il））（1＋sin◎sin（xdr△t））   

月（が評→評Jル∬β）～eエp（一叩2＋り）（1－Sin◎血（現r△り）  

△ま＝ま2一子1  

wheretlandま2arethetimesofBOandanotherBOdecayintoBO→J／＊Ks．   
Inanasymmetriccollider，△t（＝t2－tl）ismeasured，buttlandi2are  

notmeasuredindependently．   

Thepreviousequationsareconvertedtothe払1lowlngequations，reSPeC－  

tively：   

R（BO評→BOJ／4，Ks）～eXP（－rl△iL）（1＋sin◎sin（xdr△壬））（2・2）   

B（BO評→評］／＊軋）～eXP（－rl△tI）（l－Sin◎sin（xdr△ま））（2・3）   

恥om these equations，We CanSeethat weneedto measurethevertex  

pointsofBOandBOdecays・Ifwecanmeasurethesevertexpoints，WeCan  
measurethedi鮎renceofvertexpoints，△z，describedbelow：  

△z＝Z2一之l＝C△士β7  
（2・4）  

β7＝（仇叩e一月βmαヱg）／〟（T（4S））  （2・5）  

wherezlandz2arethevertexpositionsinthez－direction（directionofthe  
beam）ofBmesons，Cisthespeedoflight，El。，9eandEsmallarereSPeCtively  

thehigherandlowerbeamenergies，andM（T（4S））isthemassoftheT（4S）・   
AsdescribedinEq・2・1，theCP－ViolatingasymmetryAfisde丘nedbyde－  

cayratesofneutralBmesonsoriginating色・OmtheT（4S）intoaCPeigenstate  

f・UsingEqs・2・2and2・3，Afisexpressedasfbllows＝  

（1－Sin◎sinxdr△i）－（1＋sin◎sinxdr△i）  
＝－Sin◎sin∬dr△ま   一・1J＝   

（1－Sin◎sinxdr△ま）＋（1＋sin◎sinxdr△ま）  

UsingEqs・2・4and2・5，WeCaneStimate△壬bymeasunng△z・Inaddition，  
wemustdistinguishBO丘omBOtomeasuresin◎・   

ForCAviolationstudies，thefbllowingrequirementsmustbesatisfied：   
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・generationofalargenumberofBmesons（becausethebranchingratio  
Ofadesireddecaymodeissmall），   

●PreCisemeasurementofvertexpointsofBmesons，and   

●distinctionbetweenBand雷fbrthemeasurementofsin◎．  

ComparingAfWithEq・2・1，Wehavetherelations：  

Sin◎＝－Sin24）cp，   

and  

△m＝∬dr．  

Thus，  

Af＝Sin2¢cpsin△m△ま・  

Inthedecaymode，B（5）→J／4，Ks，4）cp≡¢1［6］1，OneOftheanglesof  
theCKMunitaritytriangleshowninFig．2．1．Therefore，¢1Canbedeter－  

mined from measurements ofthe diHerenceofvertexpoints，△z，and the  

identificationofBandB．   
Figure2．4［4］showsthepropertimedistributionforBO→J／4，Ksdecays  

払rthecase ofsin2¢1＝＋0．6asafunctionofthetimedi鮎renceinunits  

OfBlif6time，T．Inthisfigure，parameterS壬andflcorrespondto壬2andtl  

inthissection，reSPeCtively．Thesolidanddottedlinesarethedecayrates  

Ofthe評（taggedbytheotherBdecayingtoBO）andtheBO，reeCtively・  
Anegativevalueof△t／TCOrreSPOndstothecasewherethe七agglngdecay  
OCCurS aftertheJ／4，Ks decay．The diffbrence betweenthepositiveand  

negativetimescale re鮎ctsthe CPasymmetry．Thiscanbeseeneitherin  

thesolidanddottedcurvesseparately，Orinthesumafterthetimescaleofthe  

dottedcurveisreversed．Thecurvesinthefigurearedrawnassumlngperfbct  

VerteX－pOSitionresolution．Whenthefinitetimeresolutionisincluded，the  

diff6rencebetweenthepositiveandnegativetimescaleisdiluted・   
Figure2・5［4］showstheintegratedluminosityrequiredhrobseryinga  

givenCPasymmetryintheJ／4，Ksmodefordi鮎rent△iresolutionslnSeV－  

eralvaluesofsin24＞1．Thecorresponding△zresolutionisalsoindicated・The  

Penalty払raresolutionof△t／T＝0・5（as 
． 

1href．［6］，theangleisdescribedbyβ，nOt¢1・The¢1andβindicatethesameangle  
intheCKMunitaritytriangle．   
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0  

（t′－t）／丁  

Figure2．4：CalculatedpropertimedistributionofJ／ゆKs decayfbra CP  
asymmetrycorrespondingtosin2¢1＝＋0・6・   
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Figure2・5：Requiredintegratedluminosityasafunctionofthe△zresolution  
forthreediffbrentvaluesofsin2¢1．   
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ftomO．5tol．0，anOther70％in（：reaSeinluminosityisrequired・Withsilicon  

stripdetectors，WeeXpeCttObeabletoachievc△t／7－≦0・5，COrreSPOndingto  
abouta95pmpositionresolutioninthebeamdircction・Withthepossiblc  
exception ofsilicon pixeldetectors，altcrnative deviccs have worsc rcsolu－  

tion，1eavlngSiliconstripdetectorsasthcbestpracticalchoice・Inad（・1ition  

toprovidingmeasurementsessential董brcstablishinga CPasymmctry，r）rC－  

cisevertexinfbrmationwi11bellSCnll壬brcliminatingcontinuumeveIltSan（1  
reducirlgCOmbinatorialbackgrounds．Thescconsidcrationsplaccaprcmium  
OnaChievlngthebestpossiblevertexpositionrcsolllt・ion・  

2．3 KEK B一触ctory  

AtKEK，Japan，WeareCOnStr11（11irlganaC（：（・一1（†ratOran（1ad（加Ct・Or払r CIl  

violationstudiesbyBmesond（1（：ayS［7，4トrrh（1a”：（一1cratorisaIlelc（血）Ⅰト  

positronasymmctriccolliderwit．hn・CilでIlIrlf”（1Ⅰ1C（一Ofabout3km，Asぐ1’1Cmatic  

viewoftheacceleratorisshowniIIFig．2．6．Typl（：alma（二hiIICparam軸モrS（）f  

theKEKB acceleratorareliste（1in Tal）1c2．2［7］・hl＝1iHtablc，LERan（1  

HER・Ⅰ一eanSthclowcncrgyriI哨（（十l｝（1乱InriIlg）aIl（1th（一highcncrgyring（t！‾  

bcalnrlng）っr（一SpeCtivcly・Thc（111（rgyraIl糾（）ft・hcB－fa（血yisd（軸1edat  

theT（空S）state・TheT（4S）stat’・CISar（うSOIlaI止封血加Whi（二Ilispro（1uぐ（一（1with  
わaIldわ（111arks．Themassis sli紳二1ylar酢r丑山Ill●，11eSlrlIIl（）rttl（モIni九SS（1…f  

Bdand窃．Thereasonswhyw（一S（lleぐtth（1（一IICrgyOft‡腔T（4S）statぅeilr（1aS  

hllows：  

・AttheT（4S）statc，thc酢IICrationrat（■モ（，）fBm（消Onlmirsishighcrtllan  

anyotherresonantstates．   

・WbcangctacIcandccayb（）（二a11S（モth（1（1Il（1rgy（）fthcT（4S）is（：los（∋tO  

thethresholdenergyofaBmcsonI）air．  

SincethelifbtimeoftheBrnesonisvcryshortニ（～1ps），anightpathofth（一  

Bmesonismuchsmallerthanth（1r（さSOlutionofcxistinginstrumcntsiIlany  
SyrIlmetric collidercase．For this r（モ之ISOn，at the B一払ctory，an aSymmCtric  

COlliderissclectedwith8GcVcIcctronand3．5G（Npositronbcams．TheIl，  

gencratedBmesonstravelabout200JLI’n，SOWeCanmeaSureVerteXpOints  

byexistinginstruments．   

For this purpose，aSilicon detcctoris an excellcntinstr11ment．At‖1e  

B－factory，WeSelectedadouble－Si（ledthree－laycrdcte（：tOrSyStem．Ourgoal   
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でSt澤UBA  

Figure2．6：SchematicviewoftheKEKBaccelerator・  
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Table2・2：TypICalmachineparame七ersoftheKEKBaccelerator・   

LER  HER  

8．O  GeV  
l．0×1034  cm‾2s‾1  

且  3．5  Beam energy 

Luminosity  

Luminosityreductionfactor  

Halfcrosslngangle  

mne shifts  

T11ne Shin：reduction  

Beta functions  

Bearn current 

Bunchspaclng  

Particles／bunch  

Numberofbunches／ring  
Emittance  

Bunchlen酎h  
Momentum spread 

Synchrotron tune 

Momentumcompactionfactor  

13etatron tunes 

Circumf6rence  

Damping time 

∈
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β
 
亡
 
 
 
 
 
 
 
 
£
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㌦
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0．845  

11   

0．039／0・052   

0．737／0・885   

0．33／0・01  

2．6  

mrad  

〃）  

も
塾
罵
U
 
〉
「
 
β
旬
 
 

m. 

l，1  A  

0．59  

3．3×1010 1．4×1010  
5000  

1．8×10‾8／3．6×10‾10  
4  

7．1×10－4 6．7×10‾4  
0．01～0．02  

1×10－4～2×10‾4  

1n   

均 45・52／46・08 47・52／43・08  

3016．26  

44．9  22．5  
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WiththissystemistoachieveaspatialresolutionbetterthanlOOFLminthe  

z direction．   

Tbcollect asmanyeventsaspossibleinashorttime，theluminosityof  

theacceleratorisoneoftheimportantkey－POintsfbrtheB－factory．Since  

theluminosityofaboutlO34cm－2s－1isrequired，aPOSitronbeamof2．6A  

and an electron beamofl．1A must be providedin collidermodeinthe  

experiment・The number ofbunChes must bes一ユbstantiallylargerfbrthis  
requirementthanthatintheorlglnalTRISTANarrangement．   

Thedesign払rtheinteractionregion（IR）isshowninFig・2・7・Thebeam  

qご4F－」   

和4ト＿  〇こさP－－  

■ヰこご・∴  
甘 己＝1P一」  伯二戸一」  

擢Gフニー  

璃車紅二                                                                                                     ：こ二S・ 

ニロS】T租ヽ   

．」→・立【■已＝ま⊥比ニーL⊥∴⊥⊥▼．．山＿．．．．．．．m¶【  【 ▼＿十＿＿＿叶■m【＋」－W．仙  

弓コユ 
ご詔○⇒ 頑二指さ書＿キ  

＿ぺ  亘＝ －司  

一・ 
∴・・∴  

・・－・．ご ‥－   
R〇つ亡・し  

Figure2．7：Layout oftheinteraction reglOn fbr thelarge－angle crosslng  

SCheme．   

CrOSSlngangleof士11mradallowsustotofi11al1RFbucketswiththebeam  
andstillavoid parasiticcollisions，tlmspermittinghigherluminosity．An－  

Otherimportantmeritofthelargecrosslng－angleschemeisthatiteliminates  

theneed払rtheseparation－bendmagnetsdiscussedinref．［8］，Sigmificantly  

reducingbeam－relatedbackgroundsinthedetector・   
Therisk associatedwiththe choice ofanon－ZerO CrOSSlngangleisthe  

POSSibilityofluminositylosscaused bytheexcitation ofsynchro－betares－  
OnanCeS．However，theresultsofsimulationsofthebeam－beamin七eraction  

donebytheKEKBacceleratorgroupindicatethat，althoughsomenewres－  

OnanCeSareeXCitedbyaj＝11mradcrosslngangle，thereares七illreglOnSOf  

thetunediagramsuitablefbroperation．Thedetailsofthesesimulationsare  

describedinref・［7］・   

Thelowenergybeamlineisalignedwiththeaxisofthedetectorsolenoid  

Sincethelower－mOmentumbeamparticleswouldsu鮎rmorebendinginthe   
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SOlenoid丘eldiftheywereofF・aXis．Thisresultsina22mradanglebetween  

thehighenergybeamlineandthesolenoidaxis．  

2．4 BELLE detector   

Figure2．8showsasideviewoftheBELLEdetector．Asiliconvertexdetector  

（SVD）islocatedaroundabeampipe．AroundSVD，aCentraldriftchamber  

U］DC）isplacedtodetecttracksofchargedparticles・AroundCDC，aerOgel  

Cerenkovcounters（ACC）arelocated・Time－Ofし且ight（TOF）countersare  

located between ACC and a superconducting solenoid magnet to identify 

Chargedparticles，tyPICa11y7Tand K・Thesolenoidmagnetprovides al・5  

Tmagneticficldintheaxialdirection．Inthemostouterregioninsidethe  

SOlenoidmagnet，thereareelectro－magneticcalorimeters（ECL）tomeasure  

energiesofphotonsandelectrons．Extremefbrwardcalorimeters（EFC）will  

beattached to the丘ont faces ofthe cryostats ofthe QCS magnetsofthe  
KEKB accelerator，SurrOunding the beam plpe，andin both the fbrward  

and backward directions．Thus，SVD，CDC，ACC，ECL，TOF and EFC  

areoperatedinthemagnetic6eld・Outsideofthemagnet，muOnChambers  

（KLM）areplacedfbrdetectionofpparticles．Theexpectedperfbrmanceof  

the BELLE detectorissummarizedinTable2．3．   

SVDis comprised ofthreelayers ofdouble sided300pm thick silicon  

detectors（DSSD）・SVDcanmcasurer－¢andzpositionsr Readoutstrip  
Pitchesinthep－Side（r－¢）andn－Side（z）are50pmand84／Jm，reSPeCtively・   

CDCmeasurestracksanddepositenergies，dE／dx，Ofpenetratingcharged  

particles．CDChas52cylindrical1ayersorganizedin13super－layers，eaCh  

COntainlngbetweenthreeand丘vclayerswhichareeitheraxialorsmall－angle  
StereO．   

ACCis comprisedofsilica aerogelradiators．Tbde七ectemittedlights，  

五ne－meSh photomultipliers（FM－PMT）are used，because ofthemagnetic  

鮎1dinthesuperconductingsolenoidmagnet・ACCisusedtodistinguish7rj＝  
from∬士inthemomentumrange丘・Oml．2GeV／cto4・OGeV／c・   

TOFistime－Of欄ightcounterswhichcomprisescintillatorsandFM－PMTs・  
TOFisusedtodistinguish7Tj＝丘om Kj＝bymeasuringtheflighttimesof  
Chargedparticlesinthemomentumrangeuptol．2GeV／cwithlOOpsec  

time resolution．   

ECLisCsIcalorimeterswhichcompriseCsI（Tl）crystalswithasilicon  
PINphotodiodereadoutsystem．TheCsIdetectorisusedtomeasureenergleS   
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Figure2．8：SideviewoftheBELLEdetector・   
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1もble2・3：Per壬brmanceparametersoftheBELLEdetector．  

BeamplPe  Beryllium  Helium gas cooled 

double－Wall   

0・5mmBe／2mmHe／  
0．5mmBe  

SVD   Double  300／上皿thick   ¢：41K  J△z′）100笹m  

sided  31ayers（double－Sided）  

silicon  1ayerl：γ＝＝30．Omm  
Strip  1ayer2：γ＝45．5mm  

detector     1町er3：γ＝60．5mm   

CDC   Smal1cell  Anode：521ayers   Anode：   Jγ¢＝130／Jm  

drift   Cathode：31ayers．   8．4K   Jz＝200…1400JJm  

chamber  γ＝8．5～90cm   Cathode  Jp士／pt＝0．3％ p誉＋1  
－77≦z≦160cm   1．5K   Jd引血＝6％   

ACC   れ：＝1．01  ～12×12×12cm3   1 2188 〃pe≧6  

Silica   blocks  K／7rSeParation：  

Aerogel  960barrel／268endcap  1・2≦p≦3．5GeV／c   

FM－PMTreadou七  

TOF   Scin七illator  1284）Segmentation   128×2   αま＝100ps  

r＝120cm，3m－long  ∬／汀Separation：  

uptol・2GeV／c   

ECI」   CsI   Tbwereds七ruc七ure  Jβ／β＝  

～5．5×5．5×30cm3  0．67％／ノ豆⑳1．8％  

CryStals  J如β＝0．5cm／ヽ傍  

Barrel：  6624  属inGeV  

r＝125～162cm  
Endcap：  飲）rWard：  

z＝－102  1216  

and＋196cm  backward：  

1040   

Magnet   S11per  innerradial＝170cm  B＝1．5T   

COnduc七ing  

KLM   Resistive  141ayers（5cmFe   β：16K   △¢＝△∂＝30mr  

pla七e   ＋4cmgap）   ¢：16K  払r∬ェ  

chamber  七woRPCsineachgap  J七＝1ns  

∂and¢strips  1％badron臨kes   

EflC   Bismuth  5segmentsinO   最）rWard：  J且／属＝  

germanate  160  （0．3…1）％小店［9］  

CryStals  backward：  

（BGO）  
160  

れ巴2．15   
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Of7raySandelectrons．   

For∬ェandpdetection，theKLMdetectorisused・KLMconsistsofan  

OCtagOnalbarrelsectionandtwoendcapsthatarecomposedofasandwichof  

fourteen5cmironabsorborplatesandfifteen（hurteen）4cminstrumented  
gapsinthebarrel（ineachendcap）region・   

TheEFCdetectoriscomprisedofradiation－hardbismuthgermanatecrys－  
tals（BGO）．EFCisusedasacalorimeterwhichcoverstheuncoverdsmall－  

angleregionbyCsI．   



Chapter 3 

SiliconVbrtexDe七ector Sys七em  

3．1 Silicon ver七ex detector   

VVc constructed a silicon vertex detector br BELLE SVD．The silicon de－  

tectorisrequiredtohavcavertcxresolutionaboutlOO〃mtOdetectvertex  
POints of B mcson dccays．The detectoris a double－Sided silicon detec－  

tor（DSSD）弘一）ricatedbyHamarnatsuPhotonics（HPK），Originallydesigned  

払rtheDELPHImicrovertexdetcctor［11］・Atypica11ayoutofaDSSDis  
ShowninFig・3．1・Inthis丘gurc，therearereadoutAllineswiththedouble  

mctallaycr（DML）techniqueinthen～Sidcreadout．DMLisusedinthecase  

Whenthedirectionofreadoutstripsdoesnotmatchwiththeconnectionof  

Preamplifierchips．Speci丘cationsofdetectors払rBELLESVDareshownin  

Table3．1．Tablc3．2showsmeasuredparametersofaDSSD．   

Across－SeCtionalviewofthesiliconvertexdetector（SVD）isshownin  
Fig．3・2■SVDcomprisesthreelayersofDSSDladdcrs・Thereareeight，ten  

andfourteenladdersintheinner，middleandouterlayers，reSPeCtively．A  

SChematicviewofthesesilicondetectorladdersisshowninFig．3・3・Inthis  

丘gure，hybridboardswith負veVAIpreamplinerchipsareattachedtoboth  

endsofthesilicondetectorladdcrs．Asshowninthisfigure，thelengthof  

eachladderinthesethreelayersisdi鮎rent．Al1laddersusethesamesize  

Silicondetectorswhoseparameters arelistedinTable3．2．Laddersconsist  

Oftwo，threeand払ur detectors and two double－Sided hybridboardswith  

丘veVAIchipsoneachside．DetailsoftheVAIchipisdescribedinthenext  

SeCtion．   

Electricalconnectionbetweensilicondetectorsismadebyawire－bonding  

19   
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Alreadout＝ne   

／   ＼  

P＋f10atingstrip  

Figure3．1：TypicallayoutofaDSSDwithadoublemetal1ayer．  
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Table3．1：SpecificationsofasilicondetectorfbrBELLESVD．   

Chipsize   57．5mmx33．5mm   

Ael;ive area 54．5mmx32．025mm  53．76mmx32．04mm   

Thickness   300士15／Jm   

Readout（Bias）method   AC（Poly－Si）   

Strippitch   25笹m   42〃m   

Number of strips 1281   1280   

Numberofreadoutstrips   641   640   

Stripwidth   8／上m   

Readoutelectrodewidth   8J上m   14／Jm   

DML（doublemetallayer）  N／A   SiO2，5／Jm   

insulatormaterial，thickness  

DMLtracepitch，Width   N／A   48〃m，8／上m   

nllldepletionvoltage（ⅤⅢ）   8Q V Maximum 

Breakdownvoltage   100VMinimum   

Leakagecurren七atV把   2／上AMaximum   

Biasresistance   25Mr之Minimum   
CouplingcapacitanceatlOkHz   55pF   40pF   

Breakdownvol七ageof  50VMinimum   

COuplingcapacitor  

LoadcapacitanCeatlMHz   8pF   20pF   

NumberofNGchannels   19 Naximurn 

Passivation   SiO2  
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DSSD ladders Hybrjdboard   

Figure3．3：Schematicviewofsilicondetectorladdersoflayerl（inner），layer  

2（middle）andlayer3（outerlayer）・  

method．ThisrnethodwasalsousedintheelectricalconnectionbetweenVAI  

Chipsonahybridboardand asilicondetector．Aladderconsistsofeither  

just aslngle detector or two detectors with an overlapJOint．In orderto  

minimize noises ofthe double－dctector module，di馳rent sides ofthe two  

detectorsareconnected，i．e．p－Stripsononedetectorarewire－bondedton－  

Strips ontheotherdetectorasshowninFig．3．4．Thisispossiblebecause  

thedetectorsincorporateintegratedcouplingcapacitors■Thisiscalledap－n  
鮎ppedhalf－1adder．   

Thedetectorcapacitancc，eXPeCtednoise（ENC‥electronnoisecharge）  

andsignaトto－nOiseratio（S／N）払ranormalincidenceofMIParesummarized  
inTable3・3［10］・Theseveralparametersofthesilicondetectorsystemare  
SummarizedinTable3．4．Electricalconnectionbetweenhybridboardswhich  

are connected to the both endsisisolated at the center or near the center  

Ofaladder to avoid groundloop．In theinnerl町er CaSe，the elec七rical  

COnneCtionisisolatedamongtwosiliconde七ectors・Aladderinthemiddle  
layer consists ofone silicondetectorand onep－n且ipped halト1adder．The  

electricalconnectionisisolatedamongthedetectorandtheladder・Aladder   
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Forward  
＞  

Backward  
ニミ  

Middle  

lnner  

す  ♂   

†  

lnteraction point 

Figure3．4：Assignmentofthesilicondetectorladders・   

Table3．3：Detectorcapacitance（C），eXpeCtednoise（ENC：electronnoise  

charge）andsignaトto－nOiseratio（S／N）fortheradiationdoseofOkrad・  

Detector x 1 p   7   510   32  

n   22   750   22   

Tもble3．4：Parametersofthesilicondetectorsystem・  

Numberofsilicon  8   10   14   

detectorladders  

Numberofdetector  2DSSDs＝  3DSSDs＝   4DSSDs＝   

unit，Sinoneladder  2×DSSD  1×p－n且ipped  
halfladder   halfladder  

＋1×DSSD   
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in the outerlayer comprises two p－n aipped hal仁1adders．The electrical  

COnneCtionisisolatedamongthoseladders．   

ThedependenceofS／NonradiationdoseisshowninTable3・5［10］・  

Table3・5‥ Expected signal－tO－nOise ratio afterirradiation．Theradiation  

dosevaluesshownare払rtheinnerlayer．Theradiationdosesinthemiddle  

andouterlayersareassumedtoscaleasr－1  

Half－1adder  O krad  50 krad 100 krad 150 krad 

1nner  p   32   23   19   

（1DSSD）  n   22   18   13   

middle（fbrward）  p   32   25   21   18  

（1DSSD）  n   22   19   17   15   

middle（backward）  18   16   13   12   

（2DSSDs）   

Outer  p－n   18   16   14   13   

（2DSSDs）  

3．2 Frontend electronics   

Fbramplifyingandsendingsignals丘om theDSSDs，たont－endVLSIchips  

Onhybrid boards areconnectedtotheDSSDsbyawirebondingmethod．  

Wbneedgood魚・Ont－endelectronics払rlownoiseslgnalhandling．Tbmeet  

thisrequirement，WeSelectedVAIchipsforamplifyingslgnals血・Omthesilicon  

VerteXdetectors．TheVAIchipwasdevelopedatCERNandiscommercially  

availableftomIDEAS，Oslo，Norway．VAIchipsmountedonhybridboards  

are connected at the both ends ofthe DSSDs．The schematic diagram of  

aVAIchipisshownin Fig．3．5．TheVAIchipisproducedwithl．2／Jm  

CMOStechnology．Thischiphasexcellentnoisecharacteristics，andhas128  

lowpower（1．2mW／channel）chargesensitivepreampliRersた）1lowedbyCR－  

RCshapers，Sample＆holdcircuitry，Outputmultiplexingandoutputbu鮎r．  

Theoutputchannelsaredaisychained，andreadoutat5MHz・InBELLE  

SVD，WeOPerateVAIchipswithapeakingtimeof2．5psaccordingtothe  

triggerlatency．Withthispeakingtime，nOiseperhrmancewillbeexpected   
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Figure3．5：SchematicdiagramofaVAIchip．   

tobeabout165＋6．1×Celectronsequivalentnoisecharge（ENC），WhereC  

isthecapacitanceattheinputinpF，glVlnglessthan400electronsfbr35  

pF，theaveragestripcapacitanceexpected．   

Figure3・6showstheoperationsequenceoftheVAIchips・Theshaplng  
timeoftheVAIchipsisadjustedto2．5〟S，Whichmatchesthelevel－1trigger  

latencytimeoftheBELLEtrigger．Befbrereceivingatriggersignal，HOLD  

islowandthestoragecapacitorstiedtotheoutputofeachshaperampliBer  

hllowslgnalsasshowninFig．3．5and3．6．Tbavoidcrosstalkbetweenthe  

SenSitiveanalog丘ontendandthedigitalcontroIsignals，nOClocksignalsare  

SenttOthesystemduringthistime．Uponreceiptofalevel－1trigger，HOLD  

goestohighandtheshaperoutputsarestoredinanalogformpendingread－  

Out・Thestoredvoltage（∝depositedcharge）ineachchannelissequentially  
routedtoanOn－Chipanalogbu鮎rviaabuilt－inanalogmultiplexer・This  
analogslgnalistransmittedftomthehybridthroughtherepeatercardsto  

an FADC（且ashanalog－tO－digitalconverter）moduleinanelectronics  
AVAIchipignoresallreadoutclocksuntilassertionofitsSHIFT－INline・  
Onceallchannelsinachiphavebeenscanned，itassertsi七SSHIFT－OUT   
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Event Trigger  Startofanewsequence  

＋   ←2．31適eC  

Inputぐharge  

side VAI 

Dataheld  
CapacitorDatainsideVAl  

Ou中utvO】tage   

†  

地 

∵10g叩 

Readoutsequence  

Figure3．6：TheoperationsequenceoftheVAIchip．   

1ine・ByconnectingSHIFT－OUTofonechiptotheSHIFT－INofthenext，  

anarbitrarynumberofchipscanbedaisy－Chained七Ogether．   

InBELLEthefiveVAIchipsofeachsideofthesingle－Sidedhybridsare  

daisychained．Figure3．7showsaschematicofahybridcardwith丘veVAI  

Chips．ReadoutofeachchainwillbeinitiatedbyassertingSHIFT－IN丘）rthe  

firstchipinthechain．MonitoringoftheSHIFT－OUTlineofthelastchipin  

thechainwillprovideacheckonsystemoperation．Onceallstripsareread  

Out，theh・Ont－endsystembecomesreadytostartanewsequence．  

3．3 RepeatersystemfbrBELLE SVD  

Arepeatersystem（CORE）【10】isdesignedfbrbufF6ringanalogsignalsfrom  
VAIchipsonhybrids，Whichareconnectedatthebothendsofsilicondetec－  

tors，andthesystemwillreceive（transfbr）digitalsignals凸，Om（to）theupper  

levelsystem（frontendelectronics），tyPicallytocontroltheVAIchipsonthe  

hybrids．Thesystemalsosupplieselectricpowertotheh・Ontendelectronics．   

This system comprises analog bu鮎r cards（ABC），a鈷・Ontend control  

boards（REBO），amOnitoringboard（RAMBO），amOtherboard（MAMBO）  

andacoolingandshieldingcase（DOCK）・Blockdiagramsof七heREBO，   
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Figure3．7：SchematicofahybridwithfiveVAIchips，WhereSIandSOat  
thebottomofthis点guredenoteSHIFT－INandSHIFT－OUT，reSpeCtively・   
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RAMBOandMAMBOareshowninFigs．3．8，3．9and3．10，reSpeCtively．  

Figure3．8：BlockdiagramofaREBO・   

FourREBOsandoneMAMBOareinstalledintheDOCKinordertosatis＆  
thecoolingrequirement，immunityfrom EMIand thecableclearance・A  

SChematicdiagramoftheDOCKisshowninFig・3・11・Twocoolingpipes  
are mounted on the both sides ofthe DOCK．The size ofthe DOCKis12  
Cminheight，20cminwidthand40cminlengthtosettleallcomponents  
inbetwenQCSmagnetandACC／EFC・TheDOCKismadeofaluminum・  
A side vleW Ofthe DOCKin the BELLE complexis shownin Fig．3．12－  

Thereare丘）urDOCKsinthefbrward andbackwarddirectionsasshownin  
Figs．3・13（a）and（b），reSPeCtively．Inordertoisolateheattransfbrbetweena  

DOCKandaCDC，athickPCBislocatedamongthem・Figure3・14showsa  

schematicdiagramoftheCOREsystem・ABCsareputonasupportcylinder  
about20cmaway丘omthehybridcardsofthedetectors・TheDOCKs，in  
whichthereareaMAMBO，fburREBOsandaRAMBO，arePlacedabout  
2m away丘omtheABCs・Cablesn：OmtheDOCKsareconnected七Othe  
FADCmodulesintheelectronicshutabout30maway丘omtheDOCKs・   

AnalogsignalsfromVAIchipsarereceivedand七ransfbrredtoMAMBOs  
viaABCs・TheanalogsignalsonMAMBOaresenttoREBO・Fourshielded  
twisted paircables are connected蝕・Om OneFADC moduleto oneREBO  
totransfbranalogsignalswithlownoises・AfteranalogsignalsonREBO  
areamplificdandfiltered，thesesignalsaresenttoFADCsasdi飴rential   
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OutputfromthermistersonHybrid Detectorbias  

Figure3・9：BlockdiagramofaRAMBO．  

REBO（SIotl，2，4，5）  RAMBO（Slot3）  

↓  

1inesf  
and【h  血唱  

10G11bus  

poweron／0だ  

†  

FilterforDSSDbias  DigitalsignalTx，Rx  Powerb10Ck  
LVDS〃nconve爪er  

MAMBO  32  

什omDSSD   biassupply ftomTrig       gertim    1ngmOdule frompowersupply   

Figure 3.10: Block diagram of a MAMBO. 
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Top view 

…′枢  

．．，． 

Figure3．11：SchematicdiagramofDOCK．  

Figure3・12：SideviewofDOCKintheBELLEcomplex．  
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（b）Backwarddirection   （a）Fbrwarddirection  

Figure3・13：CrosssectionalviewofDOCKintheBELLEcomplex（a）丘om  
theた）rWarddirectionand（b）丘omthebackwarddirection・  

Figure3．14：SchematicdiagramofaCOREsystem・   
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analog slgnals．Digitalcontroland timlngSlgnals are transfbrred丘・Om a  

triggertimingandmonitorreadoutsystem（TTM）toMAMBOviaadigital  
Cable，and distributedto alltheboards on MAMBO．TTM canalso read  

monitoreddatainMAMBO．Cables丘・OmPOWerSuppliesintheelectronics  

hut areconnectedtotheMAMBOs．Detectorbiassignalsaref白dintothe  

DSSDs viaABCs．   

Forpowersuppliesfbrdetectorbiaslng，theCAENSY403highvoltage  

SyStemisselected．Digitalandanalogbiasesaresupplied丘omseriesregu－  

1atorsonrepeatercards．Tbsupplywholedigitalandanalogbiases，tWO5  

V xlOOApowerunits，WhicharefabricatedbyNISTACCo・Ltd・，Japan，  

are usedin the electronics hut．Itis known that the toleranceofthe丘・Ont－  

endsystemandDSSDagainstradiationdosescanbeimprovedifpoweris  
notapplieddurlngtheperiodofhigh－radiationenvironment・There正）rethe  

powersupplyunitsshouldbecontrolledbyaslow－COntrOIsysteml・  

3．4 Backend electronics   

TheBELLEDAQsystememploysasimplearchitecturewhereinthefront－  
endelectronicsistemporarilyinhibiteduponreceiptofaleveト1trigger・Thus  

abusy slgnalis asserted and remains untilall丘ont－end subsystems have  

transfbrredtheirdatatosecondarybu鮎rs．Tbkeepthedead－timeminimum，  

all凸・Ont－endsubsystemsarerequiredtoreleasetheirbusyslgnalwithin200  

PSh：Omthelevel－1triggertime，atWhichpointtheymustbereadytoaccept  

andprocessanotherlevel－1trigger・   

Thetimerequiredた）rtheanalogmultiplexerscanofVAloutputssets  
theultimatelimittothereadoutrate．IfthemaximumscanrateoftheVAl  
outputis5MHz，nOmOrethanlOOOchannels（～eightVAIchips）canberead  
byasingleDAQchael・Therehreitisnecessarytoensurethatthereisno  
additionaldead－timelnCurredintheprocessofdatatransfbrand／orpedestal  
subtractionandzerosuppression．WもachievedthisbyuslngPlpelinedloglC  

andbyinsertingaderandomizingFIFObu鮎rmemorybetweentheADCs  
andthedownstreamportionsofDAQ．Fbrthispurpose，Wehavedeveloped  

ananalogpipelined且ashADC（FADC）modulewhichhasDSPsandFPGAs・  

1Theterminology，Slow－COntrOlisusedtodistinguish缶omhs舌－COntrOl・Thefast－COntrOl  
denotestheDAQsystem．   



C＃APTER3．鼠汀JCOⅣVERrEXかET且CrOR5■YざT官M  34  

3．4．1 Timingdistributormodule  

TheBELLEDAQsystemisalarge－SCaledistributedsystem．Thereadout  

SyStemOfeachsub－detec七orisalmostindependent，eXCePtforthefasttrigger  

SyStem Whichis centrallycontrolled．Data are鈷dinto the event builder．  

Figure3・15shows a schematic diagram ofthe BELLE trigger and DAQ  

Figure3・15：SchematicdiagramofthetriggerandDAQsystemoftheBELLE  
detector．   

SyStem・Foreachinterestingeventwhichhappensattheinteractionpoint，  

detectorsignalsareprocessedthroughthedetectortriggersysteminorder  

七obefbdintotheglobaldecisionlogic（GDL）systemwithinl－85FLS・The  
level－1trigger decisionismade2．2ps aftertheevent occurs・Finallythe  

triggersignalisdistributedbacktothereadoutelectronicsofthedetector  

Sub－SyStemSWithin2．5ps．   

Atimingdistributormodule（TDM）［17】，Whichwasfabricatedbythe  

CentralDAQ group，is used to receive the trigger signalin each detector  

readoutsub－SyStem．Thismodulehastwooperationmodes；Oneistheonline  

modeand theotherthesiand－alonemode．In the onlinemode，theTDM  

receivesthetriggersignal丘omthecentralDAQsystem．Ontheotherhand，  

thelocalclocksignalffomTDMisusedinthestand－alonemode・   
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3・4・2 Timingtriggermodule  

Fortimingcontrolofthe鈷・OntendelectronicsandHalnyFADCcontrol，We  

usedtimingtriggermodules（TTM）．TheTTMmodulesweredesignedand  

fabricatedbyPrincetongroup．TheTTMmodulesdistributetimlngSlgnals  

toFADCsand鈷・OntendelectronicsaccordingtotheCDAQcontrolandclock  
Signals・SignalsgolngtOOrCOmingfromtheVAIchipsareroutedthrough  
therepeatersystem，Which providesfanqin／fan－Out，1eveltranslation，and  

additionalbufFbring．Thisboardcanbeusedinthemasterorslavemodein  

assertingthetimingsignals．AsetupofTTMboardsintheSVDDAQsystem  

is shownin Fig，3．16．The system consists ofnine modules：One maSter  

and eight slave modules，Two types ofTTM areimplemented uslng the  

Samehardware，butareconfiguredwithadi鮎rent丘rmware（ⅩilinxFPGA  

designcode）・ThemasterTTMreceivestimingcontroIsignalsn・Omatiming  
distributormodule（TDM），SuppliedffomCDAQ，andassertssignalstoslave  

TTMs．Whileeachslavemodulehandlestheinteractionwithonerepeater  

dockviaapoint－tO－pOintlowqvoltagedi鮎rentialsignaling（Ⅰ〃DS）1ink2．The  

TTMsarealsousedtoscndsignalstoeachFADCmoduleinFADCcrates．  

RS485（di鮎rentialTTL）is used fbr communication between theTTMs  
andtheFADCs．EachslaveTTMservestimingcontroIsignalsto丘ontend  

electronicsandeightFADCswhichareassigned．   

3．4．3 FADC module   

TheFADCmodulemustbeabletoscananalogoutputsof七heVAIchipsin  
200psorless（thusdeadtimelessthanlO％atatriggerrateof500Hz）・In  
addition，thesystemmustalsoperfbrmzerosuppressionsoastoreducethe  

dataflowinthedownstreamportionsofDAQinanalog－tO－digitalconversion・  
Toachievetheserequirements，WehaveselectedtouseaMotorolaDSP56302  

digitalsignalprocessor（DSP）chip・DigitalfirstMin／Arst－Out（FIFO）me？0－  

ries areincorporatedin the readout chainto derandomizeevents，allowlng  

themoste侃cientuseofDSP．TheFADCmodulecalledHalnywasdesigned  

and fabricated by Krakowand Princetongroups．A blockdiagramofthe  

HalnyFADCisshowninFig．3．17．TheHalnyFADCmodulehasacapa－  

bilityofsparsedatascan．Details ofthesparsedatascanisdescribedin  

AppendixD．Inthismode，eaChDSPonthismodulecalculatespedestaland   

2TheLVDSstandardemploysdifferentialsignalswingof土350mV，reSultinglnreduced  
powerconsumptionandreducedelectromagneticinterferencerelative七OStandardTTL・   
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Figure3．16：SetupofTTMboardsintheSVDDAQsystem・  
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Figure3．17：BlockdiagramofaHalnyFADCmodule・  
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noiselevelsofeachchannel．Accordingtothesedataandathresholdvalue，  

each DSPdefineswhetherthechannelishit ornot丘omadigitizedsignal  
Value．  

3．4．4 SHARC VME cluster board   

IntheDAQsystemfbrBELLESVD，WeSelec七edaSHARCDSPVMEcluster  

board（WS2126）asacoreofdataacquisitiontask・TheWS2126readsdata  
丘omHalnyFADCmodules andsendthedatatoSparcCPUVMEboard  
（CPU－7V）viaVMEbus．TheCPU－7Visusedasapartofcentralevent  

builderinterface（CEBTX），WhichsendsdatatothecentralDAQsystem．   

TheWS2126andSHARCDSPweredelivered丘omWIESESignalverar－  
beitungGmbH，GermanyandAnalogDevices，USA，reSPeCtively・WS2126  

hascapabilitiesofahighspeeddatatrans鈷rontheVMEbus，aPOint－tO－  

POint丑exiblelinkconnectionfordatatransferandacommunicationbetween  
DSPs．Forthislinkconnection，SHARCIOpiggypack（WS9002），Whichwas  

fabricatedbyWIESESignalverarbeitungGmbH，SuppOrtSflexiblelinkcon－  

nectiononthe丘ontpanelofWS2126．Asimilartypeofmoduleshasbeen  

alreadyusedinHERA－B［21，22］andperfbrmedahighseeddatatransfbr・  

TheSHARCDSPitselfalsohasbeenusedinseveralexperlmentS［23，24，25］．  

A block diagramofaWS2126mountingaWS9002isshowninFig．3・18．  

WS2126isaVME6U－Sizeboard．ThisboardcanmountuptosixSHARC  

DSPs（ADSP－210600rADSP－21062）andsixWS9002s・Afunctionaldiaq  
gram ofWS2126isshowninFig．3．19．Thismodulehasacapabilityof  

actingtheVMEslaveandthemastermode．First，thismod111eisse七toan  

A24／D16VMEslavemodeafterpowerisonaVMEcrate・Afterthat，this  

moduleissettoaVMEmastermodebyadownloadedprogramwhichruns  

OnaSHARCDSP．IntheVMEslavemode，dataontheon－ChipRAMofthe  

SHARCDSPsandontheexternalmemoryareaccessible丘omtheVMEbus  
ViatheFIFOmemory．IntheVMEmastermode，eaChDSPcanhaveaccess  

to七heVMEbusviaacustomizedlogicchipfbrVMEP2access（A汀ERA  
MAX9000）onthisboard．   

ASHARCDSPsupportsJTAGtestconnector［18］・WS2126alsosup－  
POrtStheJTAG test connectorfacility［19］．UsingthisJTAGconnector，  

we can debuga DSP program，downloadaspecificlogic丘rmwaretothe  

AIJTERA MAX9000andso on．   

SHARC DSP has sixlinkports（SHARClink）・Theselinksareused  
払rtransf6rrlngdatabetweenWS2126sindi鮎rentVMEcrates・Thislink   



C打APTER3」王汀uCOⅣV古見T五井か且了甘CTOR5YS7甘jけ  39  
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Figure3・18‥SchematicviewofaWS2126withaWS9002・   
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Figure3．19：FbnctionaldiagramofaSHARCVMEclusterboard，WS2126・   



C打APr且R3．封工JCOⅣVERTEXか且TガCTOR5け苫r説M  41  

COmmunicationbetweenSHARCDSPsonWS2126isrealizedbyWS9002s  

WhichwerefabricatedbyWIESE・AfunctionaldiagramofaWS9002isshown  
inFig・3・20・Thislinkhasa40MB／stransf6rspeed・OneWS9002hassixlink  

differentia（driver／receiver  
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Figure3・20：FhnctionaldiagramofaSHARCIOpiggypack，WS9002．   

ports（LO～L5）・Becauseofthehardwaredesigntonception，thesequenceof  

thelocationoflinkportsofL4andL5inFig．3・20isopposite．Thenumber  

OfthelinkportsonWS9002andthatofthelinksofSHARCDSParethe  

Same・UsingacontrolregisteronWS9002，aeXiblelinkconnectionbetween  

linksofaSHARCDSPandlinkportsofaWS9002isrealized．Thedirection  

Oftransf6ris also configurable by a register on WS9002．The registeris  

accessiblefromaprogramonSHARCDSP・Ineachlinkport，thereisabu鮎r  

tostoredatawhichwillbesent（received）inthetransmitter（receiver）case・  

EachWS2126canmountupto sixWS9002s．Aconnectorofalinkcable  

issuitedinthefrontpanelofWS2126．Therefbrewecanconnectbetween  

SHARC DSPs by poinセーtO－POint connection．Because ofthe requirement  

Ofa stable slgnaltransf6rforlonglength cables，theoutput signalsたom  

WS9002aredi鮎rentialsignalswiththehelpofdi鮎rentialdrivers／receivers・  

Figure3．21showsalayoutoftheconnectorofaWS9002・Eachlinkporthas  

4bitdatalines（DO～D3），aClocksignal（CLK）andanacknowledgesignal  

（ACK）．Twokindsofdatacanbetransfbrredviathelinks：32bitwords   
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LO  LI  L2  L3  L5  L4   
l伸輔鼎照一：●淵＝；！削：・こ・：  

■＋■＋■＋  ■十 ■＋ ■＋   
CLK  D2   DO  CLK  D2  DO  CLK  D2   DO  CLK  D2   DO  CLK  D2  工）0  CLK  D2   DO   
■－ ■－ ■－  ■－ ■－ ■－  ■－ ■－ ■一  ■－ ■一 ■－  ■一 慮一 闊－  ■－ ■一 ■－   

■  ■  ■  ■  t  ■  ■  ■  ■  ■  ■  ■  ■  1  ■  ■  ■  ＋   

■＋ ■＋ ■l十  岬＋ 甘＋ 由＋  ■＋ 耳＋ 閂＋  胴＋ 皿＋ 躍＋  旦＋ 1＋ 乱＋  躍＋ 粗＋ ■＋   
ACK  D3   Dl  ACK  D3  Dl  ACK  D3   Dl  ACK  D3   Dl  ACK  D3  Dl  ACK  D3  Dl   
ll－■－■－  

Figure3．21：LayoutofaconnectorofaWS9002．   

（longwords）and48bitwords（verylongwords）．Thelinklogicsplitseach  

WOrdinto eight ortwelvenibblesrespectively．TheACKsignalisasserted  
at atransmitterlinkport and sent to areceiverlinkport．Each Dataon  

thelinksaretransfbrredsynchronouslywiththisclocksignal．Thereceiver  

linkporttogglestheACKsignalafterhavingreceivedthefirstnibbleifits  

linkbu鮎rcannotstorethenextword．Theremainlngnibblesofthecurrent  

WOrdwillalwaysfitintothe bu鮎r．Bythis the ACK signalhas，in case  

Ofshortlinkconnections，enOughtimetoarriveatthetransmit七erbeforeit  

StartStranSmittingthenextword．IntheDAQsystemofSVD，becausethe  

lengthoflinkcablesisabout3m，thetimeneededfbraroundtripthrough  

thelinkcablesisnegligible払rtheACKsignaltoarriveatthe七ransmitter  
befbreitstartstransmittingthenextword．   

A DSP programwaswritteninCand aloadablecodeiscreatedfrom  

thisprogram．Theloadablecodeisdownloaded鈷・Omahostcomputer（Force  

CPU－7V）toSHARCDSPsviaVMEbus・Detailsofthedownloadandcon－  
trolmethodsaredescribedinAppendixC．VMEsingleword，DMA（direct  

memoryaccess）andBI∬（blocktranSfer）transf6rmethodsaresupportedin  
this nnodule 

3．5 DataacquisitionsystemforBELLESVD  

IntheDAQsystemfbrBELLE，mOStOfallthesub－detectorDAQsystems  

arebasedonTDC（time－tO－digitalconverter）basedsystems，Whereasforthe  

SVDdetector，WeSelectedthemDCbasedDAQsystem．Ablockdiagram  

OftheDAQsystemoftheBELLEdetectorisshowninFig■3・22・Data企om   
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eachsub－detec七Oraregatheredintheeventbuilderblock［4】．Thegathered  

dataaresenttotheonlinecomputerfarmandstoredinmagnetictapesin  

themassstoragesystem．   

TheDAQsystemofallthesub－detectors，eXCePtSVD，isshowninFig．3．23．  

Signalsh：OmthedetectorsareconvertedfromchargetotimebyQ－tO－Tcon－  
VerterChips andconvertedtodigitaldatabyFASTBUSTDCs［26］・The  
dataintheFASTBUSTDCsaresenttoadualportmemorymoduleinthe  

VMEcrateviaa68kFPIFASTBUSprocessormodule［27］・TheMVME162  
module，WhichhasaMC68040CPUintheVMEcratereadsdata丘omthe  

dualport memoryandsendthemtothelocalCPU module（Force Sparc  
CPU－5VorCPU－7V）・ThenthedataaretransferredtocentralCDAQvia  
an event builderinterface S－buscard．  

Sequence  
ControI   

Un土t  

Data  
Quallty  
Monltor  

Detector SubsYStemS  
r■‾‾■■－●－－■●■■●■一‾■‾■‾‾‾■  

l  

Tr19ger  
SYStem  

Master  
Contr01   

ロn土t  

V Mon土to  
＆  

Control  

Macbine  
Status  

■‾‾‾‾‾■■一－・・・・・・・・・・●・Data   

－・－・－一 丁lmin冒   

－‥－・・－・◆  Honitor  

・・一・－－・・…・●  Control  

Figure3・22：Blockdiagramofthedataacquisitionsystem oftheBELLE  
detector．   

Ontheotherhand，SVDhasalargenumberofchannels（～82，000）・One  
FASTBUS TDC has96input channels．Ifweadopt theFASTBUS TDC   
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Figure3．23：Setupofthedataacquisitionsystem董brBELLEsub－SyStemS，  

exceptfbrSVD．   
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basedDAQsystem，thetotalnumberofFASTBUScratesmaybeabout40．  

Inaddition，aVAIchiphasananalogmultiplexedoutputmechanismfora  
limitedspace．Asaresult，WeCannOt managetheFASTBUSTDCbased  

SyStemfbrSVD．Becauseoftheanalogmultiplexedou七p11tmeChanismofthe  

PreamPlifierchip，WeSelectedasamplingFADCbasedDAQsystem．Fbra  

fastdatatransfer，apipelinedFADCmoduleisselected．Figure3．24shows  

thearrangementoftheDAQsystem払rSVD．Inthesystem，Wehaveた）ur  

VMEcratesforHalnyFADCmodules（FADCcrate）andone董brDAQcontrol  
（localcontroIcrate）．Ineachofthe払urFADCcrates，thereareeightHalny  

FADCmodules，aWS2126withoneSHARCDSPandaCEBTX（central  

DAQinterfaceS－buscardandCPU－7V）whichisatransmittertoCDAQ・  
WemaysettheWS2126asamasterinreadoutsequence色・OmHalnyFADCs  
andaslavewhiletheCPU－7VreadsfromtheWS2126afterthecompletionof  

readout丘omFADCmodules．InthelocalcontroIcrate，thereareoneCPU－  

7V，tWOWS2126swithtwoSHARCDSPs，OneTDMmoduleandnineTTM  

modulesfbrreadoutprocessing．WiththeSHARClink，Wemakeconnection  

bet，Ween an FADC crate and alocalcontroIcrate．   

In this system，We Can Selecttwo diffbrentmodes；Oneis aglobalrun  

modeandtheotherisalocalrunmOde．TheglobalrunmOdeisarunstate  
inwhichalltheBELLEdetectorsareactivated，Whilethelocalrunmodeis  

alocalizedrunStateWithonlySVDinoperation・Intheglobalrunmode，  

thedigitalin払rmationdatastoredinamemoryofeachFADCmoduleare  
readbyWS2126．AfterWS2126readsdatafromFADCs，theCEBTXreads  

datainamemoryofWS2126andsendthemtoCDAQ．Ontheotherhand，  

inthelocalrunmode，WS2126readsdataonFADCmodulesandtransfbr  
them toWS2126inthecontroIcrateviaSHARClink．   

In constructingthe DAQ system，We tOOkinto account the fbllowing  
things：   

●eXPeCtednominaldatasize致・OmMonte－Carlosimulations，and  

● tranSfbrrate ofthe CEBTX．   

Ⅵ屯selected fourindependent DAQ systems丘）r SVD according to these  

things．As the SVD DAQ systemis adistributedsystem，aPrOgramOn  

eachSHARCDSPisbasicallythesameone．Inaddition，eaChSHARCcan  

runindependentlysothatthebottleneckoftransfbrspeedisde丘nedby  
thelimitation dueto CEBTX anddatasize丘om the silicon detectorsys－  
tem・Figure3・25showsadata且owschemewithinanFADCcrate・SHARC   
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Local Cantrol Crate 

ーーSHARCLink  

CE8TX  

（CPU・7V＋CD  

Figure3．24：ArrangementoftheSVDdataacquisitionsystem・   
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Figure3．25：DataaowinsidethemDCcrate．   

DSPoftypeADSP－21062hasa2Mbiton－ChipSRAM（staticRAM）and  
WS2126hasanon－boardSRAMof3Mbyte．TheSHARCon－ChipSRAM  

Willbeusedfbrabu鮎rtostoretheFADCdata．Aftercompletionofstoring  

thedataon thememory，thedatawillbetranSfbrredtoWS21260n－board  

SRAM．Afterthetransf6r，theCEBTXwillstarttoreadthedatafromthe  

On－boardSRAM．W白cannot achieveconcurrentVMEread／writeprocess  

becauseWS2126andCPU－7VusesthesameVMEbus・Analogsignals丘om  
thedetectorsaresenttoFADCmodulesandconvertedintodigitalinfbrma－  

tion．Figure3．26showsadataflowschemewithinalocalcontroIcrate．Via  

theSHARClink，thedatafr0rneaChFADCcratearegatheredinthelink  

bu鮎rofeachSHARCDSPonWS2126．Afterthat，thedatawillbetrans－  

ferredtotheon－ChipSRAMofSHARCDSP．Thenthewholedataarestored  

in each on－board memoryofWS2126．WhentheWS2126丘nishesstoring  

data，CPU－7Vstartstoread丘・OmeaChon－boardmemoryviaVMEbus．   

Sinceal1the sub－detector DAQ systemsin BELLE must be executed  

SynChronously，a SynChronous run－COntrOIsystemis required．Figure3・27  

Showsaschematicdiagramoftherun－COntrOIsystemfbrtheBELLESVD  

DAQsystem・IntheglobalrunmOde，therun－COntrOIcommandsareasserted  

たomthecentralrun－COntrOIsystemdevelopedbyCDAQgroup．IntheSVD  

DAQsystem，arun－COntrOlinterfaceprogramwhichrunsonaCPU－7Vinthe  

localcontroIcratereceivescontroIcommandsfromthecentralcontroIsystem  

viaTCP／IPnetworkwiththehelpofnetworksharedmemory（NSM）［28］・   
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FADCmoduJesofcrate＃1   

FADCmoduIesofcrate＃2   

FADCmoduIesofcrate＃3   

FADCmoduIesofcrate＃4  

Figure3・26：Data且owinsidethelocalcontroIcrate・  
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The NSMis apackage ofalibrary and adaemon that provideseasy－tO－  
usefunctionsofinter－PrOCeSSOrSharedmemoryandmessagepasslngOVera  

TCP／IP basedlocalareanetwork．Aftertheinterfaceprogramreceivesa   

Command  Message Command  Message  

SVDLnternalMessagePropagation NSMlibMessagePropagation  

Figure3・27：Schematicdiagramoftherun－COntrOIsystem払rtheBELLE  
SVDDAQsystem．   

run－COntrOIcommand，thefbllowlngtaSksaredone‥   

1．The commandis distributedto aCPU－7Vin each FADC crate via  
TCP／IPnetworkwiththehelpoftheSVDinternalmessage七ranSf白r  
PrOgramdevelopedbySVDDAQgroup・   

2．AfteraCPU－7VineachFADCcratereceivesthecommand，theCPU－  
7Vsendsamessageofrun－StatuStOtheCPU－7VinthelocalcontroI  
Crate．   

3・Accordingtothemessagesた・OmeVeryCPU－7VinFADCcrates，the  
CPU－7VsendsamessageofthewholeSVDDAQsystemrun－StatuStO  
theCDAQruncontroIsystem・  

The run－COntrOl丘）r the SVD DAQ systemin thelocalrunmOdeis also  
realizedbytheSVDinternalmessagetranSfbrprogram・Themessage－tranSfbr  
mechanismitselfisthesameasthemechanismin七heglobalr11nmOdeexcept   
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hr七heuseofthemessagetransfbrprogrambytheNSMbetweenCPU－7V  
inthelocalcontroIcrateandtheCDAQrun－COntrOIsystem．   

Figure3．28showsastatediagramoftherun－COntrOIsystemintheglobal  

runmOde・Inthisfigure，base，Set，run，daq＿reSetanddaq＿9reSeiareactions  

tobedoneduringstatetransitions．Relationsbetweentherun－COntrOIcom－  

mandsandactionsattheSVDDAQsystemarelistedinTable3．6．Befbre  

thedataacquisition，theDAQsystemissetinthegroundstate．Statusof  

theDAQsystemwi11bechangedaccordingtothecommandsfromtheCDAQ  

run－COntrOIsystem．  

Run state 

匝頭  

う国  
daq＿佗S射    ResetSHARCboard   

ユ  

HARCDS  

2．quitrunstate   gn 1．quiterrormeミ  daemon  daemon      gedaemo    3．quitSHARCr 4．ResetSHAR（  

assertstan  COmman   

toSHARCDSP  

1．HaInyFADCDSPboot  
2．SHARCDSPboot  
3．RunparametersettoS  

1．errormessage  
2．runstatereport  
3．SHARCmessa  

report daemon 
meSSage  

tasksisactive  

Figure3・28‥Statediagramoftherun－COn七roIsystemfbrtheBELLESVD  
DAQsystem．  

SincetheDAQprogramwasmadeofmanysub－PrOgramS，WemuSttyPe  

manycommandsinexecuting・Tbavoidinconvenienceforroutineworkers，  
wehavebeendeveloplngtheGUI－basedruncontroIsystem・  

3．6 Bufrbr management systemin the data  
acquisition  

Indeveloplngthedataacquisitionprogram）Weneedapipeline－bu鮎rsystem  
orabufEbrmanagementsystem払rsmoothoperationintransfbmngdata・   
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Table3．6：Relations between the run controIcommandsftom CDAQ and  

theactionsattheSVDDAQsystem．  

CDAQcontroIcommand  ActionattheSVDDAQsystem  

ONLINE   ゐαβe＋βef   

START   r祝乃   

STOP   d呵＿reβef十βef   

OFFLINE   d明＿reβeま＋greβe舌   

SYSTEMRESET   （d明＿γeβeま＋）タre5ef   

Thebu鮎rmanagementsystemwasmadeintheprogramwhichrunsona  
SHARC DSPin the SVD DAQ system with the help ofa circular－bu鮎r  
method．AtyplCalconceptofthecircular－bu鮎risshowninFig・3・29・The  

＜bu侮risompty＞  h  

l  

′  
EmplybuffertoirLdica18thatbuff8risfuJIorempty．  

Figure3．29：Typicalconcept ofa circular－bu鮎r．（a）shows aringtype  
Circular－bu鮎r．（b）and（c）showemptyandfu11statusofcircular－bu鮎r，  

respectively．   

Circularqbu鮎rissegmentedinton．Oneeventdataarestoredinonesegment，  

exceptacaseinwhichthedatalengthisbiggerthanthemaximumlength  
Ofthesegment．Inthisfigure，theinputandoutputpointerste11theinput  

andoutputpositionstoproducerandconsumerprocesses）reSpeCtively・The   



C抒APT且R3．鼠払JCOⅣVERmか且丁甘CTOR5yざ了「EM  52  

transfbrreddatatothebu鮎rareinputtedtothesegmentwhichisindicated  
bytheinputpointer．Ontheotherhand，thepositionofasegmentwhich  

hasdatatobesentoutofthebu鮎risindicatedbytheoutputpointer．   

Formanipulatingthecircular－bu鮎r，aStatuSOfthebu鮎rmustbechecked  

in each accessinorderto avoid overwriting．W白needtoknowwhich seg－  

ment to bewritten／read andwhetherthe bu鮎ris accessible ornot・Tb  
distinguishemptyorfu11status丘omtheindicatedpositionbytheinputand  
OutputPOinters，anemPtybu鮎rsegmentisadoptedbetweenthenewestdata  

Segmentandtheoldestdatasegment・AsshowninFig・3・29（b），theinput  

andoutputpointersindicatethesamesegmentwhenthebu鮎risempty．On  

theotherhand，aSShowninFig．3．29（c），theinputpointer，Whichindicates  

thesegmentpositiontobeinputted，mOVeStOthepreviouspositionofwhat  

theoutput pointerindicates．Thusっthesetwostatusesaredistinguishedas  

払1lows：  

ifoui－in＝0，bu鮎risempty  

and  

ifoて上才一乞m＝1，bu鮎ris鮎11，  

Wherein and out are theinput and output pointers，reSpeCtively．While  

Ouまqin≠1，thebu鮎ris writable，andwhileoui－in≠0，the buff6ris  

readable．   

Apreliminarycircular－bu鮎rsystemwasmadeinaprogramwhichrunS  
OnCPU－5VwithaUNIXsystem（Solaris2・4）・Perた）rmanCeOfthesystemis  
notsogoodbecausethebu鮎rwas asslgnedintheVMEmemorymodule．  

TheVMEaccessspeedfromCPU－5Vintheshortlength（1essthanafew  
kbytes）datatransftrismuchslowerthanthatin七helongerlength（more  
than50kbytes）datatransfbr［29］・In addition，the UNIX systemisnot  

a real－time system but a multi－taSk system．Ifthe number oftasksin a  

PrOCeSSOrincreases，theperfbrmanceofeachtaskbecomespoorerwiththe  

UNIX system．After this development，the similar system was madein a  

PrOgramOnaSHARCDSP．Theperk）rmanCeOfthesystemitselfwasmore  

Orlessacceptable．ButintheconstructionphaseoftheSVDDAQsystem，  

WeCOuldnotimplementthecirculaトbu鮎rsystemintheSHARCprogram．  

The reasons董br this are as hllows：  

●ProgramonSHARCDSPitselfisbasicallyasequentialprogram．Wb  

COnCludedthattherearenotsogreatadvantagesin七hecircular－bu鮎r  
SySteminthesequentialprocesses．   
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・Wbhaveaninterruptmethod払rthemulti－taSksystemonaSHARC  
DSP，butitwashardtomakeuseofitinalimitedtime．  

●TheHalnyFADCmodulehasthemechanismofabu鮎rmanagement  
SyStemWithtwo FIFOs．Therewasno requlrement tO makeanother  

bu鮎rmanagementsystemonaSHARCDSP．   

Asaresult，Wedidnotimplementthebu鮎rmanagementsysteminapro－  

gramonaSHARCDSP．  

3．7 Estimated transfbr rate jもr the BELLE  

SVD DAQ system  

TheaveragetransftrratewasestimatedbyaBELLEMonte－Carlosimulator，  

GSIM．GSIMis written on tJhe f王amework of GEANT detector simulation  

COde［30】・   

Whenwe consider atransfbr rate，WemuSt takeinto account the trigq  

gerrate．InBELLE，WePlantoimplementtwocategoriesoftriggers：traCk  

triggersandcalorimeteトenergytriggers［4］．Thesetwotriggersrelyoninde－  

pendentin払rmationderived丘・Omdi鮎rent de七ectorcomponents，thuspro－  

Vidingredundanttriggers．The払1lowlngtWOredundanttriggersarebase－1ine  

triggerconditionsfbrBELLE：   

・traCktrigger：tWOOrmOretraCkswith動≧0・3GeV／cinthedetector  
acceptance（170＜0＜1500），and   

●Calorimetertrigger‥tOtalenergydepositgreaterthanathresholdvalue  
of2GeV．   

Withthese conditions，thetriggerrateforphysics processeswillbe…100  

Hz・InBELLE，themeantriggerratemustbekeptlowerthan500Hz．The  

COntentSOfeventsfrome＋e－collisionsarelistedinTable3L7［4］・   

IntheBELLESVDsystem，Wehave64double－Sidedhybrids．Anoutput  

Ofeach side ofahybridis connected to one channelofan FADC module．  

Thuswehave128readoutsidesfbrallthehybrids．Sinceoneachsidethere  

are5VAIchips，Wehave640readoutchannelsononesideofeachhybrid．  

Asaresult，thetotalstripnumberis640×128＝±82，000．Thenumberof  
SidesofhybridsinoneFADCcrateis128／4＝32，Wherethedenominator   
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Table3・7‥TotalcrosssectionandtriggerratewithL：＝1034cm－2s－1from  
variousphysicsprocessesattheT（4S）：（a）pre－SCaledbyl／100，（b）withre－  
Strictedcondition（pt≧0．3GeV／c）・  

Physicsprocess   Crosssection（nb）  Rate（Hz）   

T（4S）→β膏   1．2   12．   

Hadronproductionftomcontinuum   2．8   2臥   

〃＋〃－＋T十T－   1．6   16．   

Bhabha（仇αわ≧170）   44   4．4（a）   

7γ（‰ゎ≧170）   2．4   0．24（a）   

21′PrOCeSSeS（Olab≧170，Pt≧0・1GeV）   ～15   ～35（b）   

Tbtal   ′、J67   ′～96   

4is the number ofFADC crates which we use．As one FADC module has  

払urchannels，thenumberofFADCmodulesinoneFADCcrateis32／4＝  

8．ThenumberofstripsperFADCmoduleis4×640＝2，560．Therefbre  

thenumberofstripsperFADCcrateis8×2，560＝20，480・   

The occupancies forphysics and beam background events according七O  
GSIMsimulationsarelistedinTable3．8［10，31］・Inthistable，theeventrate  

OfaphysicseventissetlOOHzaccordingtothetotaltriggerratelistedin  

Table3．7．Inthisestimation，itisassumedthatonehitclusterincludesdata  

fromthehitstripsand払urneighboringstrips・AnexampleofclusteringlS  
ShowninFig．3．30．Inthis丘gure，Slgnalsofthethreemiddlechannelsare  

Figure3．30：Schematicviewofsignals血・OmeaChstripwhenachargedparticle  

PenetrateS thesilicon detector．For vertexreconstruction，We maylnClude  

SOmeneighboringstripsofhitchannels．   
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higherthanthethresholdlevel．Thedataofthesestripsareread．Besides，  

theneighboringstripsofthehitstripsarealsoreadasadditionalinformation  

払rvertexreconstruction．Inthissimulation，tWOneighboringstripsonboth  

Sidesofthehitstripsareincludedasreadoutdata．  

Table3．8：EstimatedoccupancybyaMonte－Carlosimulation，GSIM．  

Eventrate   Occupancy   

Physicsevents   100H2．   2．2％   

Beam background events 400Hz   6．2％（worstcase）  

Inphysicsevents（backgroundevents），thenumberofhitstripsperFADC  

Crateis：  

20，480×0．022（0．062）巴450（1270）・  

Ifweassumethatthedatasizeperstripis4bytes，thenthedatasizeper  

FADC crateis：  

450（1270）×4＝ご1・76（4・96）kbytes・  

Inthiscalculation，WeuSedthefbllowlngrelationoflk＝210＝1024usedin  
thecomputationalmanipulation．IftheeventrateislOOHz（400Hz），then  

thetransfbrrateperFADCcrateis：  

1．76（4．96）（kbytes）×100（400）（Hz）巴0・172（1・94）MB／s・  

Table3．9：Estimatedtransftrrateたom GSIMin physicseventsandbeam  

backgroundevents．  

Physicsevents   0・172MB／s   

Beambackgroundevents  1・94MB／s  

Ⅵ毎summarized the transfbr ratesin Table 3．9．rrhe transfbr rate of  

CEBTXhasbeenmeasuredtobeabout3・6MB／sinaFASTBUSTDC－based  
DAQsystemwhichtheothersub－detectorgroupswilluse［32］．Therefore，the  

SimulationresultsindicatethatwecanoperatetheDAQsystemofBELLE  

SVDinthese casesassumedinthesimulations．   



Chapter 4 

BackgroundE駄ctsinBELLE  
SVD  

Inarealexperiment，therearehitchannelsonDSSDftomseveralconcurrent  
eventscausedby：   

・e＋eMbeamcollision（realevents），   

●electricnoisesinreadoutelectronicsandDSSDs，and  

●beambackground．   

Inestimatingtherealnumberofhits，thebeambackgroundisoneofthemost  

importantcomponents．Ingeneral，beambackgroundeventsaregenerated  

丘om：  

●COulombscatteringprocessesbetweentheelectron（positron）beamand  
residualgases，and  

●bremsstrahlungprocesses・  

We have severalevent generators（qq，beambackgroundgeneratorandso  

on）．Amongthesegenerators，WeSelected beamback9rOundevent9enerⅦ－  

tor［33】toestimatethenumberofhitchannelsduetothebeambackground・  
WithGSIM，beambackgrounde鮎ctswerestudiedinthepreviousdesign  

ofBELLESVD［34］・Inthecurrentdesign，thegeometryisdi鮎renth：Om  

thatofthepreviousdesign・SofarasDAQisconcerned，itisrequiredto  

estimateapproximatelythetotaldatasize・Forthispurpose，thenumber  

56   
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Ofhitchannels丘ombeambackgroundeventswasestimatedinvariousdiト  
f6rentconditions．WbhaveseveralparameterstooperatetheSVDsystem  

COnfiguration（thresholdlevelsofanalogsignals，Clustersizeofhitstripsetc．）．  

VArylngthese parameters，WeCOuldstudyhowmanyChannelsarehi七and  

Whichdetectorunitisthebusiestandsoon．Inthissimulationstudy，the  

払1lowlngitemswereestimated：  

●beambackgro11ndeffbct，  

●electricnoisee鮎ct，  

●OCCuPanCies払rvariousthresholdlevels，  

●OCCuPanCiesfbrvariousclustersizes，and  

●SlnglethresholdcutandHalnyemulationcut．   

Halnyemulationofthislististheemulationmode払rHalnymultiplethresh－  
01dsparsificationcode．   

Inarealexperiment，Particleswithdi鮎renttransversemomenta（pi）will  

PenetrateDSSDs．AsshowninFig．4．1，aparticlewithhighptpenetrates  

DSSDwithanearrightangle，Whereasaparticlewithlowptpenetratesit  

Withasma11angle．Thismeansthathighptparticlesmakenarrowclusters  

andlargeanalogoutputs，Whereaslowptparticlesmakewideclustersand  

Smal1analogoutputs．Itisverydesirabletoaccumulateaswidevarietiesof  

Physicseventsaspossibleinanexperiment．Ftomthispointofview，WemuSt  

detectbothtypesofsignals．Forthispurpose，WeSetmultiplethresholdsfbr  

SparSification．DetailsofthissparsificationwillbediscussedinAppendixD．   

Twothresholdsareset asfbllows：  

thrsl＝aX（rmsnoise），  
（4・1）  

thrs2＝ヽ席×thrsl，  （4．2）  

Wherethrslandthrs2arethresholdlevelsforthecomparisonofaslngle－Strip  

Slgnalandthesumofnstripslgnals，reSpeCtively．Firstwecompareaslgnal  

ineachstripwiththrsl，andifitexceedsthrsl，thestripslgnalisincl11ded  

asdata・Secondthe sumofeachnneighboringstripsignalsiscompared  
Withthrs2，andifitexceedsthrs2，thesestripdataarealsoincluded．Ina  

nominalcase，WeSeta＝＝4．Oandn＝2．Withthismethod，WeCanpickup  

hitchannelsfromphysicseven七SaSmanyaSdesired・   
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（b）LowPtchargedpanicle  chargedpanic－e   

Figure4．1：Penetratingparticleswith（a）hightransversemomentumand  
（b）lowtransversemomentum・   
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4・1Beambackgroundef艶ct  
Most ofbeam backgroundeventsarerandomizedevents・Statistically，a  

Poissondis七ributionis払rmed虫・Omrandomevents．   

Sincebeambackgroundeventsarecontinual，WemuStdefineatimewin－  

dowtoincludethem・Figure4・2showsthemeanoccupancyasafunctionof  
beambackgroundtimewindow・Inthissimulationstudy，anelectricnoise  

BeamBackgroundTimeWindowE脆ctinOccupancy  
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Figure4・2‥Beambackgroundtimewindowe鮎ctinoccupancy・   

e鮎ctwasincluded．Theelectricnoisee鮎ctwasincludedthroughthesimu－  
1ationstudiesifthereisnoexplanation．Inthis丘gureフthereisnosignificant  
increaseinoccupanCyfbrthetimewindowover20ps・   

Intherealreadoutsequence，thepeakingtimeofaVAIchipis2・5ps・  
Inthefo1lowingsimulations，thetimewindowof5・Ops（2×Peakingtimeof  
VAl）isused・   
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4．2 Electric noise ef‡もct   

Electricnoisesareoneofthemostsignificantparametersinslgnalhandling・  
InGSIM，WeCanSelectwhetherelectricnoisesareincludedornot．Befbre  

Startingasimulation，itisveryusefu1toknowthemagnitudeofe鮎ctsof  

electric noisesin GSIM．   

Inthissimulation，WeeValuatedtwocaseswithandwithoutelectricnoises  

byvarylngthethresholdlevel．Figure4．3showsthetotalhitchanneldis－  

tributions（a）withand（b）withoutelectricnoisesasafunctionofthreshold  
level．   

InGSIM，ahit distribution丘omelectricnoisesisessentia11yGaussian，  

Whereasthebeambackgroundhas aPoissondistribution・Thereasonfbr  
thePoissondistributionisthatbeambackgroundeventsarealmostrandom  

events．Statisticallyspeaking，aPoissondistributionisた）rmed丘omrandom  

events with asmallmeanvalue．  

4．3 0ccupancies払rvariousthresholdlevels  

Inthisstudy，WeSetaClustersize（thetotalnumberofneighboringstripsat  
thebothendsofhitstrips）tobe4・Wbusedrealisticandidealsignalsfrom  
VAIpreamplifierchips・Thedi鮎rencebetweentherealisticandidealsignal  
caseswaswhetherthebaselineins七abilityafterahitwasincludedornot・  
Figure4・4showsoccupanciesvs・SeVeralthresholdlevels・Ftomthis点gure，  
wecouldnot£ndanyslgnificantdiff6rencebetweenidealandrealisticslgnal  
shapes．Inthe払1lowlngSeCtions，therealisticslgnalshapeisusedasoutputs  
丘omVAlpreampliaerchips・Inthesinglethresholdcut，anOminalthreshold  
valueis3×rmSnOise．Inthisfigure，theoccupancyatthisthresholdisabout  
l％．AccordingtoB否eventsimulation［10］，theoccupancyfromthistype  
ofeventsisabout2．2％．Thereた）re，thetotaloccupancywillbeabout3％・  
W占notethatthisisjustanexpectedmeanvaluebecausewecannotpredict  
accuratelythemaximumbackgroundrate・  

4．4 0ccupanciesforvariousclustersi2＝eS  

Theclustersizeisoneoftheimportantingredientstoestimateadatasize・  
Inthissimulationstudy，aClustersizesetupISCOntrOlledbythesideloglC  
numbersetup．ThesideloglCnumberindicateshowmanyneighboringstrips   
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Threshold＝3．0×MSnoise  
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Figure4．3：Distributionofthenumberoftotalhitchannels（a）withand（b）  
without electric noises．   
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Tbresholddependencei皿OCCupanCy  
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ineachsideofthehitclusterareincludedindata．Theclustersizeisdefined  

bythetotalnumberofneighboringstripsincludedasfbllows：  

（clustersize）＝2×（sidelogicnumber）．  

Figure4・5showsoccupanciesvs・SideloglCnumber・Thisfigureindicates  
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Figure4．5：OccupanCiesvs・Sidelogicntlmber・   

tha七theoccupancylnCreaSeSWith七heclustersize・Inarealexperiment7We  
mayreadoutneighboringchannelsforinた）rmationtoreconstruCttraCksof  
chargedparticles・Wbmaywantinfbrmationasmuchaspossible，bu七色・Om  
thepointofviewofDAQ，Wem町nOtbeabletohandlealargeamountof  
dataata500Hztriggerrate・Thisresulthelpsustochooseaproperclus七er  
SizefortheBELLESVDDAQsystem．   
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4・5 Single threshold and multiple threshold  
CutS   

FtomtheviewpointofphysicsanalysIS，WeWanttOaCCepthitchannelsas  
many as possible，but tdrqject backgroundhit channels as efftctivelyas  
POSSible・Asmentionedearlier，inarealexperiment，itishardtorealize  

thissituationwithaslnglethresholdcut・Tbpickuprealhits丘omphysics  
events，Halny FADC modulesin the SVD DAQ system utilize a multiple  
thresholdcutmethod．ThisprogramisadatasparsiRcationcodeforSVD．  

ItrunsoneachDSPoftheHalnyFADCmodule．Inthissparsi丘cationrun，  

0鮎etandrmsnoisevaluesareupdatedineachevent［40］．   

In a GSIM simulationstudy，the HalnyFADCsparsificationcodewas  
used・Inthissimulation，thetwothresholdvaluesshownbeforeareused．  

Figure4．6shows the di鮎rence ofthe occupanciesftombeambackground  

eventsandelectricnoisesbetweentheslnglethresholdandmultiplethresh－  

01d（Halnyemulation）cutsasafunctionofthresholdvalue・IntheHalny  
emulationmode，apulseheightineachstriplSCOmParedwi七hthrslandhit  

Stripsarepickedupfirst．Second，thesumvalueofpulseheightsofevery  

twoadjacentstripsiscomparedwiththrs2andhitstripsarealsopickedup・  
（thrslandihrs2aredefinedbyEqs．4．1and4・2，reSPeCtively・）   

IntheresultsshowninFig・4・6，theoccupancyffomthebeambackground  

isaboutO．65％inHalnyemulationwithihrsl＝4・0×rmSnOiseand兢rs2  
＝5・7（4×V5）×r㌣SnOise■Ontheotherhand，inthesinglethresholdcut  
wi七h3．0×rmS nOISe，the occupancyfrombeambackgroundis aboutl・1  
％■Concerningthebeambackgroundoccupancy，theHalnyemulation竺苧e  

islessthanthesinglethresholdcase．Fbrphysicsevents（T（4S）→BB），  
theoccupancyintheHalnyemulationmodeislargerthan七hatintheslngle  
thresholdcut［31】．Fromtheseresults，WeCOuldconcludethattheHalny  
emulationmodecasewi七hihrsl＝4．Oandihrs2＝5．7×rmSnOiseisbetter  
thantheslnglethresholdcutcasewith3・0×rmSnOisefbrphysicsanalyses・  
Wbnotethatthisisjustaresul七色・OmtheMonteCarlosimulationandthat  
therealcase canbemuchdi鮎rent．   
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Chapter 5 

SystemTbst払rBELLE SVD  

InOctoberandNovember1998，WeteStedthereadoutperformanCeOfasetup  

WiththewholeBELLESVDcomponents．Thepurposesofthistestwereas  

払1lows：  

●CheckofreadoutsequenceofrealSVD，  

●PerfbrmancecheckoftheDAQsystemforSVD，and   

●demonstrationofhittrackreconstructionfromdetectedsignals．  

5．1 Per払rmancecheckoftheSVDDAQsys－  

tem   

Wbmadethefbllowingperた）rmanCeteStSOftheSVDDAQsystem：   

●tranSf6rra七eofthesystem，and  

●dead一七imeofthesystem．  

5．1．1 Transfbr rate measurement   

Ⅵ毎measured the transfbr rate onthe VME busand SHARClink．As ex－  

plainedin Section3．5，OurDAQsystemusesnotonlyVMEbusbu七also  

SHARClink．ThisSHARClinkisakeyinthelocalrunmode・Ⅵ屯mea－  

suredindividualtransfbrratesofWS21260nVMEbus．Figure5．1shows  

atypicalVMEtransfbrtimeofWS2126withaHalnyFADCmoduleasa  

66   
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Figure5・1：TypicalVMEtransftrrateofWS2126withaHalnyFADCmod－  
ule as aVME slave．   
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VMEslaveasafunctionofdatasizetobetransftrred・Intheslngleword  
transftrcase，WeObtained4．06MB／s．Wbalsoobtainedll．4MB／sand12．7  

MB／sinDMAsinglewordtransfbrandDMAblocktransfbr，reSpeCtively．   
IntheSHARClinktrans玩r，WemeaSuredatransfbrspeedwithasimple  

linktransfbrprogramtoestimatethebasictransfbrspeedofthelink．The  
transftrtimeofsinglewordandDMAsinglewordtransfbrmodesofthelink  
asafunctionofdatasizeisshowninFig．5．2．Ftomthismeasurement，We  

Obtained9．69MB／sand33．7MB／sinthesinglewordtranSfbrandDMA  

Slnglewordtransfer，reSPeC七ively．TheDMA transfbrspeedislowerthan  

thespecificationvalueonthedatasheetoftheboard．Weconsideredthis  
inconsistencywasdue七Othedi鮎renceofoverheadsbetweenourlinktransf白r  
programandthatofthemanufacturer．   

Wealsomeasuredthetransfbrspeedoflinkwithmemorywriting．This  

measurement wasdonewithrealisticlinktransfbrinourDAQ system．In  

thistest，thetransfbrsequencebetweenthetransmitter（Tx）andthereceiver  

（Rx）isas払1lows：  

1・TxsendsdatalengthtobetranSfbrredinslnglewordtransfbr・   

2・Rxreceivesdatalengthtobereceivedinsinglewordtransf6r・   

3．Txsends realdata．  

4．Rxreceivesrealdata．  

5．Rxwritesthedataonanon－boardmemoryontheWS2126・  

Thissequencewasusedfbrbothofthetransfbrmodes（singleword／DMA）・  
Astheon－boardmemoryontheWS2126isaccessibleたomtheVMEbus，  

CEBTX（CPU－7V）canhaveaccesstothememoryintheDAQsequence・  
Forthis reason，a SHARC DSP transfbrsdatato the on－board memory・  

Figures5．3（a）and（b）showthetranshrtimeasafunctionofdatasize  

whichwasmeasuredwiththissequencewithout andwithwritingon the  
externalmemory，reSPeCtively・Ⅵ屯couldconcludethatthetransfbrratein  

theDMAtransftrcaseshowninFig．5．3（b）wasnotsofast・Sincetime王br  
thedevelopmentofthelinktransferprogramwasnotsu氏cient，theprogram  

itselfwasnotoptimizedyet・Thetransfbrratewillbeoptimizedwithsome  
modiacationsifthereisenoughtimetodevelop・Butitwasusable払rthe  
DAQsysteminthelocalrunmodebecausefasttransfbrratewasnotrequired  
inthesystem・   
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Figure5．2：nanSfbrtimeofSHARClinkin（a）singlewordtranshrand（b）  
DMAsinglewordtransibrasafunctionofdatasize・   
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Figure5．3：nanSfbrtimeofSHARClinkvs．datasizeinarealistictransfbr  

methoq（a）withoutand（b）withwritingonanexternalmemoryafterreceiver  
SHARCreceivesdata．   

5．1．2 Dead－time measurement  

Theeventtransfbrratewilldecreasewiththeincreaseofatriggerratedue  

tothedeadtimeofthereadoutsystem．LetrandRbethetriggerrates  

Withandwithoutthedead－time，7－，reSpeCtively．Thenwehavetherelation：  

（1－γT）月＝γ・   

Rearranglngthisequation，WeObtainthelivetimeh・aCtion：  

・r  l  

亡≡ 一  

1－ト月丁  

（5．1）   

UsingEq．5．1，thelive time丘・aCtion as afunction oftriggerrate can  

becalculated．TheresultsareshowninFig．5A．Thevertica11ineinthis  

figureindicates500Hztriggerrate．Atthe500Hztriggerrate，thereadout  

systemwithlOOpsprocessingtimesatisfiestherequirementof95％1ive  
time鈷・aCtionoperation，Whilethatwith200psprocesslngtimedoesnot・   

Wemade alivetime免・aCtionmeasurementwithrandomtriggertimlng  
たomTDMtoevaluatethelivetime（dead－time）oftheBELLESVDDAQ  
system．Inthistest，WeuSeOnlyoneFADCcrate，Whichconsistsofone  

SparcCPU－7V，OneWS2126SHARCboardandeightHalnyFADCmodules・  

WS2126readswholechanneldatafromalltheFADCmodules，andtranSftr   
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Figure5・4‥Calculatedlivetime凸・aCtionsasafunctionofeventtriggerrate・  
Theverticallineindicates500Hztriggerrate・   
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Figure5．5：Live timefraction董brfu11channelreadoutintheSVD DAQ  

SyStemin acaseoffu11channelreadoutwithrandomtriggertimlng丘om  
TDM．   
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thedatatoCPU－7V・TheresultisshowninFig・5・5・Inthisfigure，thelive  

timefractionvalueinthereglOnSmallerthanlOOHztriggerratewasalmost  

lOO％・Althoughthelivetime＆actionshouldnotexceedlOO％，thereare  

SeVeralpointsofthemeasuredlivetime丘actionoverlOO％．Thiswascaused  

bytimejittersoftheTDMusedinthetest．Sincetheinputandoutput  

FIFOsintheFADCmoduleswerealmostempty，thebu鮎rmanagement  

SyStemCOnSistingofthetwoFIFOsactedasabu鮎rwithanin負nitedepth・  
Ontheotherhand，thelivetime丘actionvaluebecamedrasticallylowerin  

theregionofmorethanlOOHztriggerrate．Inthiscase，aStheFIFOshad  

theultimatesizeofdataatanytime，thebu鮎rmanagementsystemacted  

asabufferwithafinitedepthasshowninFig・5・5・   
AsdescribedintheSection4・3，thetotaloccupancywiththesparsifi－  

Cationmethodwillbeabout3％accordingtotheGSIMsimulationstudy．  

Ftomthismeasurement，WeCanCOnCludethatourDAQsystemcanrunwith  

morethan95％1ivetimeata500Hztriggerrateifweusethesparsification  

methodintheHalnymDCmodules．  

5．2 Silicon detector test   

Asapreliminarytestbe払retestingrealDSSDs，WeteStedperformanceof  

BEAST（beamexorcismfbrastableBELLEexperiment）silicondetectors  
witharadioactivesource（βsource）・Figure5・6showsthesetupofapre－  

1iminarytest fbrtheBEASTsilicondetector．One SHARCVMEcluster，  

WS2126，andoneHalnyFADCmodulewereusedtoreaddata．Atypical  

analogslgnaloutputh：OmtheBEASTladderisshowninFig・5・7・Asthe  
SamplingtimlngOfanalogslgnalsinHalnyFADCwasnotoptimizedinthis  

test，aPeakADCvalueinthis丘gurewaslessthanthechargeoptimized払r  

aminimumionizingparticle（MIP）（～22，000e＝±180mV）・   

Be払reinstallingtheSVDdetectorintheBELLEdetector，WeChecked  

theper払rmanceoftherealSVDdetectorsystem・Thesystemtestwasdone  
nearthe endofNovember1998．Thesetupis shownin Fig．5．8．In this  

test，preliminarytunlngandtestingwererequired，forexampleoptimization  

OfsamplingtimlngOfanalogslgnalsinHalnyFADCs，electricaltreatments  

払rgroundproblemandsoon・AftersoIvingtheseproblems，WeCOuldsee  

COSmicrayeventswiththerealSVDdetectors・Figure5・9showstypicalhit  
distributionsinalltheladdersoftheSVDdetectorsystemwithacosmicra）1  

TheverticalandhorizontalaxesindicateADCvaluesftomFADCmodules   
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TTMs  
（master＆s［ave）   

Figure5・6：Setupofthepreliminarytestた）rtheBEASTsilicondetectorwith  
aradioactive source．   
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Figure5．7：TypicalADCcountdistributionftomaBEASTsilicondetector  

Withaβsource（2mV／ADCcount）．   
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Figure5・8‥Setup払rtheBELLESVDsystemtest・  
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and thechannelnumber，reSpeCtively．Therearesomehitsignalsinsome  

plots・AtyplCalcosmicraytrackreconstructedftomhitinた）rmationofthe  
SVDdetectorsisshowninFig．5．10．Inthisfigure，thenumbersatthehit  

pointsindicatepulseheightsinunitsoflOOOe－ofthehitstrips．Intheevent  

displayprogram，the払1lowingtasksweredone［35］：  

1・Findhit channels whichexceedthethresholdlevel（thl）withnoise  
levels belowtheref白rencenoiselevel．  

2・Findapairofneighboringchannelsinwhichthesumofpulseheights  
exceeds theother thresholdlevel（th2）・These pairs are treatedas  

Clusters andthecenterpositions ofthese clusters are defined as hit  

positions．   

Inthisfigure，thevaluesof兢1，兢2andnoisearechosentobe5000e‾，8000  

e‾and2000e‾，reSpeCtively・［35］・   

In this event display program，reSidualsin reconstructing cosmic ray  

tracks weremeasured．Aschematicviewofaresidualin the threelayers  

OfthesilicondetectorsisshowninFig．5．11．Inthisfigure，theresidualof  

theinnerlayerisshown．Thecalculationmethodoftheresidualisasfbllows：   

1．drawareconstructedcosmicraytrackbytwohitpositionsintwolayers，  

and  

2．measurethedistancebetweenthehitposition oftheremainlnglayer  

andthepositionobtainedbyextrapolatingthelinedeterminedbythe  

twootherlayers．  

Theresidualsofthethreelayersandthesumofresidualsofthethreelayers  

areshowninFig．5．12．Inthisfigure，WeCOuldgettheresidualdistribution  

withastandarddeviationof42．7pmasthesumofresidualsた）rthethree  

layers．Ifweassumethepositionresolutionofeachladderisthesame，We  

get七hepositionresolutionof24．7（42．7／＼β）pm．Intherealexperiment，  
Wedeterminethepositionsofthesiliconladders・Thepositioncalibration  
WaS nOt donein this test．Althoughthe present measurement was very  

preliminary，thepositionresolutionobtainedcanberegardedasacceptable  

払rBELLESVDtomeasurevertexpoints・   
Wbalso checkedpulseheights andnoiselevels ofeachdetectorinthe  

SyStemteSt．Figure5．13showsdistributionsofpulseheights ofal1p－Side  

Shor七halfladders，n－Sideshorthalfladdersandp－naippedsidehalfladders．   
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Figure5・9：TypICalhitdistributionsintheladdersoftheSVDdetectorsys－  
temwithacosmicray．TheverticalandhorizontalaxesindicateADCvalues  
丘omFADCmodulesandthechannelnumber，reSPeCtively．Pulsesinthese  

distributionsareslgnals免・Omthecosmicray・Theslgnalsofpositiveandneg－  

ativevaluescorrespondtothesignalson七hep－Sideandn－Side，reSpeCtively・   
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Figure5．10：Typicalreconstructed trackin七he r一¢planebythe SVD  

detectorsystemwithacosmicr町，Wherethenumbersinthisfigureindicate  

pulseheightsinunitsoflOOOe‾ofthehitstrips・   
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Figure5・11‥Schematicviewofaresidualinthethreelayersofthesilicon  
detectors．   

Inthisfigure，thereare Landaupeaksaround20，000electronsfbrallthe  

distributions．Asthescintillationcountersused払racosmicraytriggerwere  

large，COSmicraytrackswithvariousincidentanglespenetratedthedetector・  

There払rethepulseheightdistributionwasgeneratedbynotonlyMIPsbut  
alsobytrackswithlargerenergydepositsthanMIPs・   

Thedistributionsofthep－Sideandn－Sidehavepulseheightpeakswith  
OpPOSitepolarities，Whereasthedistributionofthep－nAippedsideladder  

haspulseheightpeakswithbothpolaritiesasexpected・Thebroadpulse  
heightdistributionsaroundOmigh七becausedbynoISyeVentSduetoreadout  
electronicsproblemsornoisychannelsofthedetectors［36］・Figure5・14shows  
distributionsofS／N（signal－tO－nOiseratio）valuesofeachclusterinseveral  

1addersinthesystemtestwithcosmicrays・Theslgnalisdefinedbythe  
totalchargeofeachcluster．ThehorizontalaxiscorrespondstotheS／N  
ratioofclustersandtheverticalaxistothenumberofclusters．Thepurpose  
Oftheseplotsistounderstandnoisecharacteristicsofindividualladders・Fbr  
？ⅩamPle）Fig・5・14（a）showsanS／Nvaluedis七ributionofthen－Sideofthe  
lnnerlayer．Theladders showninthis丘gurewere parallel七O thetrigger  

scintillationcounters．FYomthisfigure，WeCOnCludethatwehaveanS／N  
ratioaround20except払rthedistributionsofthep－Sideoftheinnerandthe  
backwardmiddleladders（Fig．5．14（b）and（e））whichhavepeaksaround   
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Figure5．12‥Distributionsofresidualsof（a）1ayerl，（b）1ayer2，（c）1ayer3  
and（d）thesumofallthreelayers・   
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Figure5．13：Pulseheightdistributionsof（a）allp－Sideshorthalfladders，  
（b）alln－Sideshorthalfladdersand（c）allp－n鮎ppedsidehalfladdersofthe  

Silicondetector払rtrackstriggeredbythescintillationtriggercounters・   
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40・Thisisduetothegeometricalreasonofthescintillationcountersused  
fbracosmicraytrigger．Asthescintillationcounterswerelarge，COSmicray  

trackswithvariousincidentanglespenetratedthedetector．Theslgnals丘・Om  

thesilicondetectorweregeneratedbynotonlyMIPsbutalsobytrackswith  

largerenergydepositsthanMIPs・PeaksintheregionbelowtheS／Nvalue  
Of20werecaused丘omtheine臨ciencyintheclusteringprogram払rtracks  
Withsmallanglestothedetectorladder［31］・   

Inthissystemtest，WeCOnCludethattheBELLESVDdetectorcanglVea  

goodperfbrmance．Afterthissystemtest，theSVDde七ectorandtherepeater  

SyStemWereinsta11edintheBELLEdetector．  

5．3 Summary ofthe systemtestfor BELLE  

SVD   

Throughthissystemtes七重brthesilicondetectorsforBELLESVD，WeCOuld  

reachthe払1lowlngCOnClusions：   

●Pe止）rmanCeOftheVMEtransfbrrateofWS2126wasacceptable．  

●nanSf6rrateoftheSHARClinkitselfwasreasonablygoodbutthere  
WOuldbesomepossibilitiesofimprovement・   

●TheSVDDAQsystemcouldcopewithalongtimetest・   

●PerfbrmanceofBEASTsilicondetectorswasacceptable．   

●ThecombinedperfbrmanceoftheSVDDAQsystem，therepeatersys－  

temandthesilicondetectorswasreasonablygood．TheDAQsystem  
couldrunsynchronouslywiththe七riggertimlngSlgnals・   

●Trackreconstructionofacosmicrayinther－¢planewasdonesuc－  
CeSS且111y．   

●Thepositionresolutionofthesilicondetectorladderswasestimatedto  
be24．7pmbyuslngtheresidualdistributions・  

・Accordingtopulseheightdistributions，thesilicondetectorswererea－  

sonablygood．Wenotethatthepulseheightdistributionwasnotonly  
madebypureMIPsbecauseofthegeometricalreasonofthetrigger  
COunterS．   
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Figure5・14‥DistributionofS／Nvaluesofeachclusterinthesilicondetector  
laddersof（a）n－Sideoftheinnerlayer，（b）p－Sideoftheinnerlayer，（c）n－Side  

Ofashorthalfladderinthemiddlelayer，（d）p－Sideofashorthalfladder  

inthemiddlelayer，（e）thebackwardmiddlelayer（p－nBippedhalfladder）  

and（f）theouterlayerinthesystemtestwithcosmicrays・Alltheladders  
Showninthisfigurewereparalleltothescintillationcounters・   
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・PreliminarydataofS／Ndistributionsindicatethatthesilicondetectors   

seemtobereasonablygoodwithregardtoS／Ncharacteristics・   



Chapter 6 

Summary  

WbhavecommittedtoconstructanSVD DAQsystem鈷・OmaPreliminary  
design work bythe BELLE SVD group．Accordingto requirements血・Om  

Monte－Carlo simulations，Wehave selected a DSP－based distributed DAQ  

SyStem．WbcouldconstructacompactDAQsystemwithSHARCDSPVME  

Clusters．WiththeSHARClink，WeCOuldmakethecentral1ycontrolledlocal－  

runmodeDAQsystem．Thesystemwasusefu1fbrtheBELLESVDsystem  

test heldin November1998．   

Concerningbeam backgrounde鮎ctsinBELLE SVD，WeObtainedthe  

fbllowingresults．ThebeambackgroundgeneratorusedintheMonte－Carlo  

Simulationstudygeneratespseudospentelectronscausedbyresidualgases  

inthebeamqpipe，bremsstrahlungandCoulombscattering・Thebeamback－  

ground effects are rather severein a high1uminosity accelerator，SuCh as  

KEKB，Sincethebeambackgro11ndeventsmaycauseradiationdamages七O  

thedetectorcomponents，increasetriggerrates，andobscuretracksofreal  

physics eventsofinterest．Forthesimulationstudy，atimewindowisre－  

quired．Inthisstudy，WeSetthetimewindowof5pswhichcorrespondsto  

twicethepeakingtimeofVAIchips・Inthissimulationstudy，electricnoise  

e鮎ctsturnedouttobedominantintheoccupancyoftheSVDdetector．   

Tb minimize the data size，a SparSification programis usedin Halny  

FADCmodules．Theprogramusestwodi鮎rentthresholdlevelstodetermine  

hit channels．Optimization ofthe programisvery essentialfbr the SVD  

DAQsystembecausetheDAQsys七emisrequiredtorunata500Hztrigger  
rate．Tbevaluatethee鮎ctsoftheprogram，Wemadeasimulationstudyof  

thesparsi丘cationcode．Accordingtothestudy，thesparsi＆cationcodeon  

DSPsoftheFADCboardswase鮎ctive払rreducingbackgroundevents．We  

86   
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払undthatamultiplethresholdcutwaspowerfultoselectphysicseventsas  
e伍cientlyaspossible．   

Inthesystemtest，WemeaSuredatransfbrrateofthissystemwiththe  

fu11channelreadout mode．In this test，We COuld have fast enoughVME  

transf白rrateof4・06MB／s，11・4MB／sand12・7MB／sた）rSinglewordtransfbr，  

DMAsinglewordtransf白randDMABLT，reSPeCtively．Wbcouldalsohave  

Su臨cientlyfasttransfbrrateintheSHARClinkof9・69MB／sand33・7MB／s  
払rsinglewordtransfbr（coreprocess）andDMAtransfbr，reSpeCtively・But  

thelinktransfbrprogram払rarealisticusedidnotper払rmadequatetransfbr  
rateas anticipated．Asthecurrent DAQsystemdoesnotusetheSHARC  

linkintheglobalrunmode，Weneednotimprovethetransfbrrateatpresent．  

Butweneedtoimprovethesystemfbrthefuture．   

W6could also conclude that the bu鮎r management systemin FADC  
VMEboardswassufBcientlypowerfu1fbrthehighrateeventtriggeraccord－  

1ngtO the results ofalive timeた・aCtion plot．In the sparsification mode  

inarealexperimentata500Hztriggerrate，We COuldconcludethat the  

SyStemWOuldhaveagoodenoughper払rmance．Thecombinedper払rmance  

OftheSVDDAQsystem，therepeatersystemandthesilicondetectorswas  

reasonablygood．   

Inthecosmicraytest，thesilicondetectorsshowedarequiredlevelofper一  

弘rmance．Accordingtothepulseheightdistributions，thedetectorsshowed  

goodcharacteristics．Landaupeakswereobservedaround20，000electronsin  

thismeasurement・ThepulseheightdistributionsincludednotonlyMIPsbut  
alsoparticleswithlargerenergydepositsthanMIPsbecauseofthegeometriー  
Calarrangementofthetriggercounters・WbmeasuredS／Nratiosaround20  
払rmostoftheladders．Thepositionresolutionofthesilicondetectorladders  

WaSeStimatedtobe24．7pmaccordingtotheresidualdistributionscreated  

fbrtheeventdisplayprograminthecosmicraytest．Inthisestimation，We  

assumedthatthepositionresolutionofeachladderwasthesame．   

Fromthese results，We COnClude that the silicon detectors can per払rm  

therequiredtasksveryadequatelyinthe払rthcomlngPhysicsexperiment．   
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A・2 Per払rmanceofVAlpreamplifierchips  
VAlpreamplifierchipswerefabricatedbyIDEAS，Norwayasdescribedin  

Section3・2．Thispreamplifierchipisacharge－SenSitiveampli鮎r・Thecur－  

rent／charge ratioislO FLA／fC．In theprevious section，WeCalculatedthe  

OutPutCharge丘omonestripofthesilicondetectortobeabout4fC払rone  
MIP．ThustheoutputcurrentofVAlfbroneMIPisabout40pA．  

A・3 0utputvoltageoftherepeatersystem  
AArststageampli丘erontherepeatersystemhasa5・1kOresistorfbrthe  
fbedback resistor ofan operationalamplifier．In this amplifier，theinput  

Currentisconvertedtotheoutputvoltage．Theoutputvoltage丘）rOneMIP  

is estimated七O be：  

（A．2）   5．1（kn）×40（／止）巴200（mV）・  



Appendix B 

DigitalSignalProcessor  

B.1 General characteristics of a digital signal 

PrOCeSSOr   

Adigitalsignalprocessor（DSP）iswidelyusedinthedigitalsignalprocessing  

field（eg．compactdiscplayerormini－discplayer）．DSPisfamiliardevices  

inourdailylifb．ItisdesignedbasedonHarvardarchitecture．FigureB．1  

ShowsatypicalarchitectureofDSP・Inthisarchitecture，aPrOgrammemOry  

andadatamemoryareindependent，thusthereare twobuslines．Oneis  

払rtheprogrammemoryandtheotherfbrthedatamemory．Ontheother  

hand，inCPU（centralprCeSSingunit），aPrOgramanddatasharespacein  

thesamememory．AtypICalarchitectureofCPUisshowninFig・B・2・In  

thisarchitecture，thereisonlyonecommonbuswithwhichCPUhasaccess  

totheprogramanddata．AnadvantageofDSPisbandwidthofthisbus・  

IntheDSPcase，WeCanuSefu11bandwidthofthebusinaccessofprogram  

memoryanddatamemoryseparately．   

SincethearchitectureofaDSPisdesignedfbrdigitalsignalprocessing，  

DSPhasagoodperformancecapabilityincalculatingthefo1lowingdigital  
Slgnalprocesslngequation：  

（B・1）  y＝∑Aれ・端・  
れ＝0   

ThusDSPisgoodatnumericalmanipulation，butnotatgeneraluse・   

ConcerningaprogramonDSP，WeCanSelect丘omsomelanguages（asq  
SemblerorC－1anguage，払rexample）．AprogramonDSPiscompiledona  

90   
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Data memory 

FigureB．1：Architectureofadigitalsignalprocessor・  

Arithmeticlog［Cunit  
AddressseIector  

（ALU）  

FigureB・2：Architectureofacentralprocesslngunit・  
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hostcomputer（personalcomputerorworkstation）．Afterahostcomputer  

COmPletescompilation，thecodeisconvertedintoaloadablecode．Thehost  

COmPuterdownloadsittoDSPwhenwewanttostarttheprogram．   

ManyICvendorssupplydi鮎renttypesofDSPs．W6canselectanytype  

丘om七hemwhenitsper払rmancematchesourrequests（processingspeed，  

COSt，pOWeruSageandsoon）・  

B．2 SHARC DSP   

SHARC（SuperHarvardArchitectureComputer）isahighspeed32bitAoat－  
ingpointDSPdevelopedbyAnalogDevices，USA．ThisDSPhas40MIPS，  

25nsinstructionrate，Singlecycleinstructionexecutionand120MFLOPS  

peak，80MFLOPSsustainedper払rmance．Ithas61inktranSfbrlinesand  

acapabilityofDMA transfbr．The transf6rspeedofthislinkis upto40  

MB／s（DMA）．TheDMAtransfbrmodeisusedfbrdatahandlingfromexter－  

nal／internaltointernal／externalmemory．ThisDSPhasalsothecapability  

Ofgluelessconnectionfbrscalablemultiprocesslng．FigureB・3showsablock  

diagramofSHARCDSP（AnalogDevicesADSP－21062）architecture・Ⅵね  
CanSeethataprogrammemoryandadatamemoryareseparated・Thisar－  
Chitecture（HarvardArchitecture）hasanadvantageinmemoryaccess・Thus  
DSPhasacapabilityofdatamanipulation．   
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FigureB．3：BlockdiagramofSHARCDSP（AnalogDevicesADSP－21062）  
architecture．   



Appendix C 

UsageofSHARC DSP VME  

Cluster  

C．1Programs払rcontrollingWS2126  

TheSHARCDSPVMEcluster，WS2126，hasacapabilityofactingasthe  

VME slave and the master．A VME A24address of the boardis defined  
bytwoscrewswitches．AfterpowerturnedonaVMEcrate，thismoduleis  

SettOA24／D16VMEslavemode・Afterdownloadingprogram，thismodule  

is set to a VME mastermode bythedownloaded programwhich runson  

aSHARCDSP．Adownloaderprogram払rSHARCDSPwaswri七teninC  

withaFORCEcomputerVMEdriverforCPU－7V（SparcCPUVMEboard）・  
ThisprogramrunsonCPU－7VanddownloadsaloadablecodetoSHARC  
DSP．Onthismodule，therearetworegisterstobesetup．Oneisacontrol  

register（CTRLREG）forslaveA32setupandtheotherisamastercontrol  
register（MASTER＿CTRL－REG）whichisusedinVMEmastermode・   

Be払re downloading，We muSt Set a boot modeofSHARC DSP with  

EBOOT，LBOOTandBMSofaDIP－SwitchontheWS2126［19］・Thesetup  
COnfigurationsoftheseparametersareshowninTableC・1・Inthehostboot  
mode，aSHARCDSPwaitsaDSPprogramtobewritteninthehostport  

bu鮎r（EPBO）andreads the program afterthe host computer write the  
program on the bu鮎r．In thelinkboot mode，aSHARC DSP waits a  

DSPprogramtobewritteninalinkbu鮎r・Theprogramistransf6rredvia  
SHARClink．IntheDAQsystemofSVD，WeSelectedthehostbootmode・  

ThustheCPU－7VdownloadsaDSPprogramtoSHARCDSPsonaWS2126・  

94   



APP且ⅣDⅨC．USA（ブ且OF5月ARC上〕SPVM茸CエL惜TER  95   

TableC．1：Setupconfigurationofthebootsetup．  

Action  EBOOT  LBOOT   

0   0   1  Boot丘omHostprocessor   
0   Boo七色・Omlinkport   

0   0   0   Nobooting  

A且owchartofthedownloadprocessisshowninFig・C・1andVMEslave  
registersonaWS2126usedin downloadingarelistedinTbbleC．2．Sub－  

SCripts，h，denotehexadecimalvalues・Thisnotationisusedinthischapter．  

Thesetupsequenceisasfo1lows：  

TableC．2：VMEslaveregistersonaWS2126・Subscripts，h，denotehex－  
adecimalvalues．  

Nameofaregister  VME A24address   Notation  

RESET＿REG  0九＋A24＿OFFSET  Resetregister   
CTRL＿REG  4九＋A24＿OFFSET  Controlregister   

VME＿OFFSETREG  8九＋A24＿OFFSET  VMEo蝕etregister   
FIFO＿STAT  10九十A24＿OFFSET  FIFOstatusregister   

EXT＿CTRL＿REG  14h＋A24＿OFFSET  Extendedcontrolregister   

・ReseteveryregisterofSHARCDSPsandWS2126・  

●SetauserdefineduniqueA32baseaddress董brtheWS2126・Then   
wewriteupper7bitsoftheaddressonVMEJOFFSET－REGon   
WS2126．   

●SettheA32accessenablebitin CTRLREG．   

●SetorresettheVMEbus－lockenablebitfbrVMEaccess．   

・DownloadaprogramonSHARC・   
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Down［oadprocessforWS2126  
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FigureC・1：FlowchartofthedownloadprocessfbrWS2126・   
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VMEbus－lockisusedfbrVMEDMAtransfbrby SHARC．Ifthisbithas  

notbeenset，SHARCcannotexecuteVMEDMAtransfbr．Inourcase，We  

SettheVMEbus－lockbit払rVMEDMAusageたomSHARCDSP．After  

this，VMEhostcanhaveaccesstoWS2126inA32mode．Be払reandafter  

downloading，SOmePreParationsareneededasdescribedinTablesC．4and  

C・5・Subscripts，b，denotesbinaryvalues．This notationis usedinthis  

Chapter．  

TableC．3：Di鮎renthostpackingmodesbetweenexternalbusandSHARC  

bus．Subscripts，b，denotebinaryvalues．  

Packingmethod   

HPMbitsinSYSCON   Hostbusto／ftomDSPbus   

00ゎ   nopacking／unpacking   

01ゐ   16bitexternalbusto／h：Om32bitinternalpacking   

10b   16bitexternalbusto／＆om48bitinternalpacking   

11b   32bitexternalbusto／触）m48bitinternalpacking  

Be払redownloading，SeVeralsetuptasksareneeded・These七upsequence  
isshowninTableC．4．HPMregisterinSYSCONdefinesthepackingmode  
between a SHARC DSP bus and a data on VME bus．］泡ble C．1shows  
severalpackingmodesbetweenexternalbusand SHARCbus・Thebyte－  
orderofdataisde丘nedbyHMSWFinSYSCON・Inthissetup）theVME  
memorywindowsizemustbedefined払rtheVMEmasteraccessofWS2126・  
Inourcase，thewindowsizeis256Mbytes（＝228byteswiththerelationofl  
k＝210＝1024）．Ingeneral，theMSIZEisde£nedashllows・Thewindow  
SIZelS：  

windowsize＝ 2EXT－MSIZE』XP （bytes），  

wheretheMSIZEis definedas：  

MSIZE＝（EXT＿MSIZE－EXP－13）・  

ThusMSIZE＝15（㌦）inourcase・Astheexternalhostport（EPBO）  
correspondstoDMAchanne16，Weenablesthechannel・Concerningthe  
instructionmethodandhostpackingmode）theDMAchannelmustalsobe  
setwi七hthesamemethodandmodeasthosesetinSYSCONas董bllows：   
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TableC・4‥ SetupsequencebefbredownloadingaSHARCprogram・The  
SequenCePrOCeeds鈷・OmupPertOlowerlinesofthetable．  

VNIE action Parametertobeset  
■¶   

Set32bitwordsdirectread／writeenable  IWT（SYSCON）＝『 
sethostbus＝16bit   HPM（SYSCO雨）＝01b   
andmemorybus＝32bitinSYSCON   

setLSWfirst   HMSWF（SYSCON）＝0   
SetMSIZE＝256Mbytes   MSIZE（SYSCON）＝fh   

SeteXternalbusprlOrity   EBPRlO（SYSCON）＝1   
（Ⅰ／Oprocessorhasapri0rity）   

ひ摘eβeまpαγαmeねrβ戎乃∫‡官COⅣ  

clearSRST   SRST（SYSCON）＝0   

ぴr蕗eβefpαmmeね得度托ぶ膵COⅣ  

setDMAenableinDMAchanne16   DEN（DMAC6）＝1   
び摘eβef匹mmeねγβ豆花月〟ACβ  

SeteXternaladdress（DSPaddress）   ⅠⅠ6＝20000h（DSPaddress   

OfhostportinII6   Ofhostport．）   

び摘eβeま卯mmef汀β如〟∂  

setDMAchanne16addressmodifierl   IM6＝1   

び摘eβefpαmmeねrβ五和朋舶  

setFLSHbitinDMAC6   FLSH（DMAC6）＝1   

び而eβeまpαrαmeまe†3五和ガ朋ACβ  

resetFLSHbitinDMAC6   FLSH（DMAC6）＝0   

set instruction mode DTYPE（DMAC6）＝1   
Sethostbus＝16bit   PMODE（DMAC6）＝10b   
andmemorybus＝48bitinDMAC6   

ひ摘eβefpαmmeferβ五和β〟AC－β  

setDMAenableinDMAchanne16   DEN（DMAC6）＝1   
ひ摘eβef卯mmeまerβ如か肱4C－β  

sethostbus＝16bit   HPM（SYSCON）＝10b   
andmemorybus＝48bitinSYSCON   

Wr正eβefpαrαme壬汀β乞陀∫1誓COⅣ  

setinstruCtionmodeinSYSCON   IWT（SYSCON）＝1   

ぴγ正eβefpαγαmeねrβ哀れ∫yぎCO〃  
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TableC・5‥SetupsequenceafterdownloadingaSHARCprogram・These－  
quenceproceedsた・OmuPpertOlowerlinesinthetable．  

VMEaction   Parametertobeset   

clear instruction mode IWT（SYSCON）＝0   

び痛eβefpαmmeまerβ哀れぶyダCOⅣ  

Sethostbus＝16bit   HPM（SYSCON）＝01b   

andmemorybus＝32bit   

ひ摘eβefpαγαmeね得豆mぶi甥COⅣ  

SetDMAdisableinDMAchanne16  DEN（DMAC6）＝0   
SetFLSHbitinDMAC6   FLSH（DMAC6）＝1  

●HPMofSYSCONcorrespondstoPMODEofDMAC6，and  

・IWTofSYSCONcorrespondstoDTYPEofDMAC6・  

The samevalues are setin aPMODE bit andDTYPE bitsofDMAC6．  

Fordownloading，thehostpackingmodeofmaking48bitdatafromthree  
16bitdatamustbeset．Thecorrespondingparametersareset・（PMODE  
ofDMAC6andHPMofSYSCON）．Theinstruc七ionmodeisalsoenabled  
（IWTbitofSYSCON）・   

After downloading，SeVeraltasks arerequired・Thesetupsequenceis  
showninThbleC．5．Fbrtheread／wri七eoperation，theinstructionmodeis  
disabled・Thepackingmodeofmaking32bitdatafromtwo16bitdatais  
setinthissetup・Assoonasthedownloadinghasbeenfinished）theDMA  
channe16is disabled and the contents ofabu鮎r ofDMA channe16are  
cleared．   

TheprogramOnSHARCwaswritteninCandassemblerlanguageaccord－  
ingtothedefinitionofthecompiler致・OmAnalogDevices・Asourceprogram  
isconvertedtoabinaryexecutablecode（・eXe）bythecompilerandtheloader  
makesloadablecode（．1dr）forSHARCfromtheexecutablecode・Oncethe  
loadablecodeisdownloadedsuccessfu11y，SHARCstartstheprogram・   
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C・2 VMEfunctionality  
WS2126supportstheVMEmaster／slavemode．ThememorymapofWS2126  

inSHARCaddressandVMEaddressisshowninFig．C．2．WhenWS2126  

isin the slave mode，aVME mastermodule can have accessto WS2126  

accordingtotheVMEmemorymapshowninthefigure．WhileWS2126is  

inthemastermode，SHARCDSPonthisboardcanhaveaccesstotheVME  

memoryspaceaccordingtotheSHARCmemorymapshowninthefigure．   

A schematicdiagram ofVMEmasteraccess丘om SHARC DSP（s）on  
WS2126isshowninFig．C．3．EachSHARCcanperformVMEmasterac－  

CeSS Via a VME master controlregister by the VME controlprogram on  

ALTERA MAX9000．The addressis convertedfrom aDSP busformat to  

aVMEbus払rmatbythis register．InTable C．6，theconversionmeth－   

Thble C．6：Conversion method between the SHARC DSP bus払rmat and  

VMEbus丘）rmat．  

Host   Direction   Address   

SHARC   SHARC→VME  （VMEADDR」ⅣINDOW）  
＋（SHARCaddress＜＜2）   

Othermodule  VME→SHARC   （SHC」VME＿BASE）  

＋（VMEaddress＞＞2）   

ods between the SHARC busibrmat and the VME bus丘）rmat are Shown．  

Inthistable，VME＿ADDR」ⅣINDOWistheVMEaddressofVMEad－  

dresswindowwhen SHARC makes accessinthe VMEbus（SHARCisa  
master．）andSHC＿VME」∋ASEisaVMEbaseaddresswhentheother  

hostmakesaccesstoSHARConWS2126．（Oneofothermodulesisamas－  

ter・）VMEADDR」ⅣINDOWandSHCNME－BASEaredefinedbyVME  
SlaveregistersetuponWS2126［19］．Asdescribedintheprevioussection，  

VMEADDRJWINDOWissetas256Mbytesby七hesetupofMSIZEbits  
inaDSPregister，SYSCON．SHC＿VMEJBASEissetbyaprogramwhich  

runs on aSHARC DSP．   

EachDSPonaWS2126canhaveaccesstoamastercontrolregis七erona  
WS2126．ThecontentsoftheregisterarelistedinTもbleC■7・Upper6bitsare  

used払raVMEA32addresssetupfbrVMEmasteraccess丘omWS2126・The  
BLT32bit enablestheVMEDMAblocktransf6rinamasteraccessmode．   
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VME Memory 
SHARCMemory  【beg）n］inSJaveMode［end］  

0）（0  

0x400  

0x800  

0x（；00  

0xlOOO  

Ox1400  

0x1800  

Ox OOOOOOOO  

OxOOO80000  

0x OO400000  

0xOO400000＋【MemSize】  

OxOO400100＋【MemStze】  

OxOO400200＋〈M即¶Siz8】  

OxOO400300十〈MemSiz¢】   

OxOO400400＋（MemSize】  

OxOO408500＋〈M8mSize1  

0xOO400800＋（M8mSize】   

OxOO400ア00十（MemSize】  

MasterControIR8  

（16bits）   

OxOO400000＋2x【MemSiz¢】  

Ox3†c  

Ox7f8   

Ox bfc 

Oxf†c  

Ox13fe  

Ox17ぬ  

Oxlbぬ  

SHARClO－Packl  

SHARC10・Pack2  

SHARC10－Pack3  

SHARClO・Pack4  

SHARClO－Pack5  

SHARC10－Pack6  

lExternalMemory 

SHARCIO－Pa（：kl  

Ox200000   

0x400000   

0x60（）000   

0x800000   

0xaOOOOO   

8xcOOOOO   

Ox800000  

0xlODDOOO  

SHARClO－Pack2  
Ox3一桁C   

Ox5f什f¢   

Ox7f什b   

Ox9I仔fc   

Oxbf研c   

Oxdff馳  

Ox什一桁；  

SHARC10－Pack3  

SHARC10・Pack4  

SHARClO－Pack5  

SHARC10－Pack6  

Boa「dArea  

SHARCl…6  

Ox1800000  
OxOO400000＋3x【MemSizo】  

0×00400000＋4x【M8mSize】  

Oxf附f椚  

OxO80000  

0xlOOOOO  

Ox180000  

0x200000  

0×280000  

0x300000  

0x380000  

Nonbanked Area 

（8）  

FigureC・2‥MemorymapofWS2126inSHARCaddressandVMEaddress・   
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TableC・7：ContentsofamastercontrolregisteronaWS2126・  

Conten七S  Bit number   

15   VMEA31   

14   VMEA30   

13   VMEA29   

12   VMEA28   

VMEA27   

10   VMEA26   

9   BLT32   

8   VMEbus－lock   

7   いVORD   

6   VMEAl   

5   Addressmodifier：AM5   

4   Addressmodifier：AM4   

3   Addressmodifier：AM3   

2   Addressmodifier：AM2   

Addressmodifier：AMl   

0   Addressmodifier：AMO  
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VMEMa＄terContro‖1egister   

FigureC．3：SchematicdiagramofVMEmasteraccessfromSHARC（s）・  

TheVMEbus－lockbitisset fbrDMAtransf6r．TheuVORD，Alandad－  

dressmodifier（AM）aresetaccordingtotheVMEtransfbrmode・Detailsof  
theLWORDandtheAMaredescribedinref．［39】．Thisregisterisaccessible  

丘omonlySHARCDSPs．Anupper16bitsofVMEaddresstowhichSHARC  

DSPswillhaveaccessarewrittenontheregister．ASHARCDSPcanhave  

accesstotheVMEmemoryspacebytheaccesstotheSHC＿VMEJBASE．Fbr  

example，inthecaseofVMEmemoryaccessn・OmaSHARCDSPinanad－  

dressofVMEBASE＿ADDR＋VME＿OFFSET，WhereVMEBASE＿ADDR  

iswritteninthemastercon七rolregister，theSHARCDSPwillhaveaccessto  

thememoryinanaddressofSHC＿VME＿BASE＋SHC＿OFFSET．According  

totheaddressexchangede丘nedinTableC・6，SHC∫）FFSETis atwo－bits  

ShiftedvalueoftheVME＿OFFSETintherightdirection（dividedby4）．   

Inthemastermode，thismodulecanperformVMEsingleandDMAread，  

andDMABLT（blocktransfbr）issupportedbythecontroIprogram・Ina  
VMEmasteraccess，thesetupofAM（addressmodiaercode）and  uVORD  

isimportant・IntheVMEsinglewordtransfbrmode，AM（addressmodifier）  

andLWORDaresettoOdhandOh，reSPeCtively．Ontheotherhand，inthe  

DMABI∬mode，AMandLWORDaresettoO㍍andOh，reSpeCtively．   

Inthesinglewordtrans鈷randBLTmode，aSHARCDSPonlyhasaccess  

totheSHC＿VME＿BASE＋SHC＿OFFSET・Thedatalengthislimitedupto   
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256bytes（64longwords）intheBLTmode・IntheDMAtransfbrmode，  
somesetuptaskslistedinTableC・8arerequired・Theparameter，∬，inthis  
tabledenotesaDMAchannelnumber（x＝0～10）・Afterthesesetuptasks，   

TableC・8‥SetupsequenceofVMEDMAtransf6r，WherexdenotesaDMA  
Channelnumber・Thesequenceproceeds丘omuppertolowerlinesofthe  
table．  

Clearbu鮎r   SetFLSHbitinDMAC∬   
Setinternalmemoryaddress   ⅠIx＝internalmemoryaddress   
Setinternaladdressmodifierl  IM∬＝1   
Set data length C∬＝datalength   

Setexternalmemoryaddress  EIx＝eXternalmemoryaddress   
Setexternaladdressmodifierl  EM∬＝1   
Set data length ECx＝datalength   

Set，DMAmastermode   SetMASTERbitinDMACx   

Set transfer direction WriteO（readffomexternalmemory）  
Orl（writetoextemalmemory）  
inTRANbitofDMAC∬   

theVMEDMAtransfbrisavailable．WhenwestarttheDMAsequence，the  

VMEbusgrantisdone．Ifthebusisた・eetOhaveaccess，thehostpacking  

mode（HPM）intheSYSCONregisterissetinthesameoneinDMAC∬・In  
thiscase，SinceHPMinDMACxissetinnopackingmode（00b），theHPMin  

SYSCONissetinthesamemode．NextDMAenablebit（DEN）inDMACx  

isset，thenVMEDMAtransferstarts．   

FiguresC．4（a）and（b）showsignalsonaVMEbuswhenWS2126reads  

HalnyFADCinDMAsinglewordandDMABUrmodes，reSpeCtively・In  

Fig・C・4（a），theASsignalisassertedineachlongwordtransf6r，Whereasin  

Fig・CA（b），theASsignalislowwhilethewhoユeda七ais七rans鈷rred・  

C．3 SHARClink transfbr   

Fbr七hecommumica七ionbe七weendi鮎rentWS2126boards，aSHARClinkis  

SuPPOrted．WhenweusetheSHARClinkonWS2126，aWS9002，SHARC   
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（a）  

An81日Ze「  H∈川eform rlRCHINEl  Rcq．⊂ont「01  

（b）   

角naluze「  H∈】Vefo「m 目角C日工NEl  Rcq．Cont「ロ1  

FigureC・4‥SignalsonVMEbuswhenWS2126read丘omHalnyFADCin  
（a）DMAsinglemodeand（b）DMABLTmode・   
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IOpiggypack，isused・FigureC・5showsthecon丘gurationofaSHARClink  

betweend騰ren七SHARCDSPsusingWS9002s・AsdescribedinSubsec－  

FigureC．5：ConfigurationofaSHARClinkbetweenSHARCDSPsusing  
WS9002s．   

tion3．4．4，thelinkconnectionisaexibleanditiscon点guredbyaregisteron  

aWS9002．TheregistersetupisdonebyasoftwarewhichrunsonaSHARC  
DSP．   

Somesetuptasksarerequiredforthelinktransfbr．Thesetupsequence  
of thelink transfbris shownin Table C．9．Theitemsin the center and  

right columnsareparameterstobewrittenorreadonSHARCDSP and  
WS9002sides，reSpeCtively．Theparameter，X，denotesalinkbu鮎rnumber・  

IOPACK＿CTRLisacontrolregisterofaWS9002．Detai1softheregisters  

onaws9002usedin七hissetuparedescribedinref・［20］・   
First，SOmeregisters on aSHARCDSPiscleared andalinkportis  

disabledtobeconnected．Thethree－StateOutPutSOflinkportsonWS9002  

aresetinhighーimpedance．Tbconfigurethelinkconnection，thedirectionof  
alinktransfbris setinIOPACK＿CTRL．ADMAtransferisused between  
asHARCDSPinternalRAMandalinkbu鮎rwhentheDMAtransfbris  
selected．FbrthisDMAtransfbr，DMAchannelnumberisset・Infact，the  
channelnumberis de負nedfromthelinkbu蝕rnumberofaSHARCDSP．   
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TableC．9：SetupsequenceofaSHARClinktransfbr，WhereIOPACK＿CTRL  

isacontrolregisterofaWS9002，Wherexinthistabledenotesalinkbu鮎r  

number（0～5）・  

Parameterto beset  

WS9002  Setup action SHARCDSP   

ResettheSHARClinks  LAR＝餌肥軌  
andtherelatJed   LCOM＝0   

registers   LCTL＝0   

Disable link ports LAR＝3仔軋  

Setlinkportoutput  IOPACK＿CTRL＝0   
highーimpedance  

Assigntransfbrdirection  SetOlb（receive）  

rlO拍ransmit）  
1naSSlgnedlinkportbits  

ofIOPACK＿CTRL   

Assign DMA channel SetDMAchannel  

Assign link port Wfitelinkportnumber  

inA慮」BbitsofLAR   

Select clock cycle SetLCLKX2Tbits  

（1×Or  inLCOM   

2×SyStemClock）  

Setlinkbuffbrenable   Set Llr;EN in LCTL 

Definetransf白rdirection  SetLdrRANinLCTL  
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Thelinkport number whichisusedissetinAxLBbitsinLAR．Thelink  

transf白rclockcycleissetinLCLKX2xbitinLCOM．Thedirectionofthis  

linktransf6risalsosetintheLdrRANbitintheLCTL・Thesetupsequence  
listedin this tableis done on a transmitterand areceiverlinksides．The  

transf6r direction must not be the same between the transmitter and the  

receiversides．   

Wehave twolinktransfbrmodes；Oneisacoreprocesstransfermode  

and the other aDMAtransf6r mode．In the coreprocesstransfbrmode，  

Write／readoutsequenceofaSHARClinkissimple．Thedatatobetrans－  

f6rredfromthetransmitterarewrittenonthelinkbu鮎r（LBUFx；X＝0～5）  
Whichisasslgned王brthetransmitterlinkport．Ontheotherhand，thedata  

tobereceivedonthereceiverareread丘omthelinkbu鮎rwhichisassigned  
払r the receiverlinkport．The transftrsequence ofDMAlinktransf6ris  

ShowninTable．C．10．Theparameter，∬，inthistabledenotesalinkbu鮎r  

number．As described befbre，the DMA channelis definedfromthelink  

TableC．10：SequenceofaSHARClinkDMAtransfbr，Wherexinthistable  

denotes alink bu鮎r number．  

Setup action Parameterto besetinaSHARC DSP  

Set DMA channel SetDMAchannelnumber   

Setlinkbu鮎renable   SetLxENinLCTL   
Set transfer direction Ⅵ硫tel（transmitmode）orO（receivemode）  

inLdTRANofLCTL   

SetinternalSHARCmemory  

address   

SetDMAaddressmodifierl  IM∬＝1   
Set data length Cx＝datalength   

StartDMAtransf白r   SetLd〕ENinLCTL   

bu鮎rnumber．Thelinkbu鮎r used has beenalreadydefinedinthelink  
transf6rsetup－Wemustusetheasslgnedlinkbu鮎randlinkport・Accord－  
ingtotheDMAchannel，aninternalSHARCmemoryaddress，anaddress  
modifiernumberandlengthofdatatobetransferredaresetinIIx，IMxand  
Cx，reSpeCtively・WhenwestarttheDMAtransfer，WeSetaL畑ENbitin  
LCTL．   
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In generalcases of the DMAlink transf6r，a COmbination with these  

methodsofcoreprocesstransftrandDMAtransftrisused壬brsynchronous  
transfbr．Thesequenceisas払1lows：   

1・TtansmittersendsthedatalengthofdatatobetransfbrredinDMA   
（coreprocesstransf6r）．   

2．Receiver receives thedatalength丘・Omthelinkbu鮎rviaaSHARC   

link（coreprocesstranSfer）．   

3．TransmittersendsthedatainDMAtransfbr．  

4．Receiverreceivesthedatain DMAtransfbr．   

Thedatalengthisvariableineachtransfbrandthereceiverandtransmitter  

mustrespond，Otherwisethetransfbrreddatawillbeneglected．   



Appendix D 

Halny FADC Module 

D．1Introduction to FADC   

HalnyFlashADC（FADC）modulesweredesignedandfabricatedbyKrakow  
andPrincetongroups．Figure3．17showsablockdiagramofaHalnyFADC  

module．This module hasfburinput channels，four MotorolaDSP56302s．  

TwoXilinxFPGAsareplacedonthemodule．EachDSPoperatesareadout  

taskoneachchannelandcalculatespedestalando鮎etvalues．Fromthese  

valuesandthresholdlevels，SParSedatascanisdonebyeachDSP．TwoXilinx  

ChipsmanageVMEinterfaceandcontrolanddatahandling・Thismodule  
SuppOrtSA32／D32VMEslaveaccessandBLT（blocktransfbr）・  

D．2 nlnCtionalityofHalnyFADC  

EachreadoutchannelofHalnyFADCincorporates：  

●1nputdi鮎rentialamplifier，  

●Serial12－bitDACandlevelshifter，   

・alO－bit，20MHzADC（AnalogDevicesAD9200），   

・ah・Ontmulti－eVentFIFObu鮎r（CypressCY7C4265－15AC：16kx18  
bits），  

・adigitalsignalprocessor（MotorolaDSP56302：66MHz／66MIPS，in－  

ternalOwaitstateslOOkbytesSRAM），  

110   
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。anOutputmulti－eVentFIFObuffer（CypressCY7C4265－15AC：16kx   

18bits），and   

・afieldprogrammablegatearraybasedcontrolunit（ⅩilinxXC4005E）  

TherearetwoXilinxchipsonthismodule．Oneis払rVMEcontrol，DSP  

hostportcontrolandoutputFIFOscontrollogic，andtheotherisfbrcontrol  

OfwritingdigitizeddataontheinputFIFOs．  

D．3 CommonmodesubtractionbyDSPson  

Halny  

In BELLE SVD，Wehave about82，000readoutchannels，Whereas CsIhas  

aboutlO，000channels，fbrexample．Itishardtomanagethehugenumber  

OfreadoutchannelsofSVData500Hztriggerrate．TheFADCmodulehas  

acapabilityofdatasparsificationtoselectrealhitchannelsaspreciselyas  

POSSible．Thedatasparsificationis donebyDSPsontheboard．Particles  

WithvariousmomentawillpenetrateDSSDs．Signalshapeandhitchannel  

distribution depend on the direction ofapenetratingparticle．Figure4．1  

Showstwoexamplesofparticleswithhightransversemomentum（吊）and  
low昂．   

InaHalnyFADC，datasparsificationshowninFig．D．1isdoneineach  

Strip・Inthis負gure，numbers128and5denote七henumberofchannelsinone  

VAIchipand七henumberofVAIchipsinonesideofahybrid，reSPeCtively．  

Fbrthissparsi丘cation，dataofatleast16eventsarerequiredbe王brerealdata  

acquisition［40］．mominputsignals，0鮎etandnoiselevelsarecalculatedin  

eachstripandstoredinthepedestalandnoisetables，reSPeCtively．Withthe  

datatakenbe壬brerealdataacquisition，0触etandnoiselevelsarecalculated  

払rrealdataacquisition．Contentsofthetablesareupdatedineachevent．  

Pedestalvaluesaresubtracted丘・OmSignalsineachstrip．Pedestalsub七rac七ed  

Slgnalsareputinthenoisecalculationanddiscriminatingblock・Afterthese  
manipulations，hitstripsareselected．Selectedchanneldataarefbrmated．  

Calculatedpedestalsandnoisesarefbdintothe払rmatedda七a．Thedataare  

putintooutputFIFO・Throughthismethod，thecommonmodesubtraction  

andpedestalsubtractionaredone．   
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FigureD．1：SparsificationmethodinaHalnyFADC．   
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D・4 Clusterfindingme七hod  
InthesparsificationofHalnyFADC，theclusterfindingisoneofthemost  

importantf6atures．FigureD．2showsaclusterfindingmethodofaHalny  

FADC・AsshowninFig．D．1，Pedestalandnoiselevelsaresubtracted丘om  

FigureD．2：ClusterfindingmethodofaHalnyFADCmodule・   

Slgnalsineachstrip・Thesubtractedvaluesaredividedbynoiselevelsin  
eachstrip．Then，S／N（signal－tO－nOiseratio）valueiscalculated・Afterthis  

Calculation，S／Nvaluesofneighboringchannelsareaddedandcomparedwi七h   
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thethresholdlevel．Afterthis，Clusterin払rmationisprepared．Through  

thesemanipulations，hitclustersare董bund．   
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