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1 Intr oduction

In January2000,the UK Particle PhysicsExperimentsSelectionPanelformally approsedthe proposalffor the
first level of the H1 Fast Track Trigger (FTT) [1]. Fundingwasagreedat the level of £175k and 2.5 staf
yearsof engineeringeffort werepromisedrom RutherfordAppletonLaboratory This level of funding leaves
ashortfallof £85k relative to the overall estimatectostof thelevel 1 system.

Designstudiesfor thelevel 1 FTT have beenin progresdor severalmonthsnow. This stageof the triggeris

responsibldor digitisationof drift chambessignals,identifying pulsescorrespondingo chagedtrackspassing
throughthe chambersmeasuremenof pulsearrival times and z-coordinatesand searchingfor patternsof

hits on groupsof threewires that correspondo genuinetrack sggmentsoriginating from the primary vertex

region. Threedimensionalrack sgmentshave to be provided to the level 2 trigger within around2 — 3 us

of theinteraction.lIt is alsointendedthatthe FTT shouldprovide informationto thefirst level centraltrigger.

This would extend the functionality of the FTT comparedo that originally proposed?2], making the track
informationavailableto the centraltrigger significantlyearlier albeitwith relatively poorresolution.

This documenthasbeenproducedat the time of a ‘break-point’ identified by the PRC. The requestwasthat
the collaborationshouldshow thefeasibility of the sggmentfinding stagesf the algorithm. Sincethe design
of our preferredsolutionincluding level 1 triggerinformationremainsin a stateof flux, we concentratéere
on demonstratinghe feasibility of the projectat the morefundamentalevel of feedingtrack segmentsto the
level 2 (precisiontracklinking) stageof thetrigger. If no informationis providedto thelevel 1 centraltrigger,
thereis no stringenttime limit on the track sgmentfinding andthefirst realtime constraints thatthe tracks
befully linked, threedimensionalrack reconstructiorperformedandtrigger decisionlogic be appliedinside
thecombinedevel 1 and2 lateng of 2.5(L1) + 19.8(L2) = 23.3 pus.

In this report,we first discusghe statusof the level 1 studiesandintroducethe generalprinciplesinvolvedin
the design. We thenaddresghe specificfeasibility questionby assessinghe time andresourcesequiredto
implementthe minimal solutionto thelevel 1 problemin which nolevel 1 triggeris incorporated.
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2 Statusof the L1 Studies

A classof algorithmshave beenfound which fit the basiclevel 1 requirementsn termsof processingpeed
and costof electronicresources.The planis to implementthe algorithm using Altera Field Programmable
Gate Arrays (FPGASs). For the purposesof this report, we assumewe will usethe 20K600E devices [4].
Thesecontain600,000programmabl@ates,organisednto around24,000‘logical elementsandaround150
‘EmbeddedSystemBlocks’ (ESBs)to be usedfor producttermlogic. EachESB canbe configuredto perform
avarietyof tasks(CAM, RAM, and8 FIFO asexplainedbelow). ThreePC's have recentlybeenpurchasedor
DESY andBirminghamwith sufficientmemoryto performdetailedsimulationsof FPGAswith thesenumbers
of gatesusingthe Altera Quartussoftwarepackage.We are currently at the stageof corverging towardsa
designfor thefull implementatiorof thealgorithmsin FPGAs.

3 Level 1l overview
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Figurel: Overview of thelevel 1 FTT, shaving a singlecrate. The FrontEnd Module layoutis shovn in the
foreground.

Thegeneraktonceptof thelevel 1 FTT have notchangedsubstantiallysincethe original proposal Detailscan
be foundin [2]. A shortsummaryis provided herefor completenessThe dataflow within onecrateof the
systemandexternalinterfaceds summarisedn figurel.

Analoguedrift chambersignalsare pickedup from the input to the existing DCr¢ track trigger systemusing
new “plug through” adaptercards. This operationproducesminimal disruptionto the existing H1 configu-
ration. The functioningof the DCr¢ trigger will not be jeopardizedso thatthe FTT andDCr¢ triggerscan
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operatesimultaneoushduringthe commissioningphase . The “plug through” adaptercardsdrive theanalogue
preamplifiedsignalsof a singletriggergroup(3 wiresreadoutat bothends)upto 5 m to thefront-endmodule
cards(FEM). Signalsfrom 5 trigger groups,adjacentn the ¢ coordinatearefed to one FEM resultingin 30
analoguesignalsin total. Thesesignalsaredigitized using8-bit linear FADCs. The digitized dataare passed
to anFPGAfarm,whereall subsequemrocessindo producetracksegmentgakesplace.The functionality of
the FPGAsis summarisedn figure 2. Thefirst stepis the @ — ¢ analysis(seesection4). Thetiming output
fromthe — t algorithmis synchronise@ndwritten into shift registersclockedat 80 MHz. Basedon theshift
registers,a searchtakesplacein the r — ¢ planefor valid track sggmentsoriginatingfrom the vertex region
yielding signalsin a group of threewires. Determinationof the z-coordinateof the sggmenttakesplacein
parallel,usingthe chage divisiontechnique.
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Figure2: Block diagramillustratingthe dataFlow throughthe FPGAs.

Thetracksggmentfindingis dividedinto two steps.n thefirst stagetheshift registerbinsarelogically ORedin
groupsof four, suchthatthesychronisatiorirequeny is effectively reducedo 20 MHz, onebin corresponding
to approximatelyl /20 of thedrift space.

In the minimal solutionpresentedh section5, this coarsesggmentfinding doesnotcommencaeuntil the Level 1
Keep(L1Keep)signalarrivesfrom thecentraltrigger. The L1Keepsignalis distributedfrom the centraltrigger
afixed 2.5 us after the interaction,suchthat the bunch crossingof origin is known to the FTT a priori. In
the preferredsolutionincorporatinga level 1 trigger the bunchcrossingof origin is notin generaknown. An
“on thefly” analysisof the coarselysggmentedshift registersis thenmadeusinga ‘pivot element’technique,
wherethe arrival of a hit at a givenregisterpositionin the middle of the threeshift registerstriggersa search
for all track segmentghatincludethepivot elementMost of theresultingtracksegmentshenhave a‘validity’
spanningseveral bunchcrossings.The coarsetrack sggmentsarethenwritten into outputbuffersandbecome
the startingpoint for the FTT L1 trigger. Thesolutionincorporating=TT level 1 triggerwill notbe discussed
furtherin this feasibility study

Irrespectve of whethera level 1 trigger is produced,the track sggmentrefinementstep startsonly after a
L1Keep.The coarseracksegmentsarecollectedin outputbuffersandarefed to an SRAM. Thefull 80 MHz
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samplingis restoredby expandingeachbin at 20 MHz to the 4 sub-binscontained.A large fraction of track
sggmentscanberejectedat this stageandfor thosethatremainvalid, the precisionon thep, and¢ coordinates
is improved. Theoutputfrom the refinemenstepis megedwith theappropriate:-coordinatedervedfrom the
chagedivision exercise.Finally the validatedtrack segmentsarewritten to outputbuffersandthensentto the
level 2 stageof theFTT.

4 QT Analysis

Figure2 showvsthecurrentdesignof the — ¢ (chageandtime) analysis After digitisationusingan8 bit linear
80 MHz FADC (correctingfor signalreflectionsalongthe 40 m analoguecablesbetweerthe detectorandthe
trailer is alsobeingconsideredjits aredetectedusinga DOS (differenceof sample)techniquejllustratedin
(seefigure 3). A hit is definedasthetime slice (clock cycle) of thefirst maximumin the DOS of the summed
digitised datafrom both endsof the wire for eachtime slice in a region of at leasttwo adjacenttime slices
wherethe DOSis above athreshold.Thehit remainsactive, vetoingfollowing hits, until thereareat leasttwo
adjacentiime sliceswherethis DOS s negative. The hit finding is expectedto be donein 5-6 cycles (about
75 ns)afterthesignalshave beendigitisedin the FADC. Thesignalsaresynchronise@ndcanbedirectly filled
into the shift registers.
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Figure3: Sketchshoving the DOS (differenceof sample)technique The FADCs areclockedat 80 MHz. See
text for details.
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Figure4: Overview of the cell-wise calculationof the z-coordinateusingchage division. Chagesmeasured
in thegroupof threewiresaresummedup beforemakingthedivision step.

At momentwo methodsareconsideredor thechage measurementn asimplemethocthechageis measured
cell-wiseby usingarunningsummei(seefigure4). In this casethechageis integratedover a periodof about
1 us. A hit, detectedon the centrewire (layer) (a necessargonditionfor a track sggmentasdefinedin the
next section) causesheinstantaneousontentf therunningsummergo be passedia a buffer to thedivision
step,wherethe z-coordinatés thencalculated Thisis determinedy therelative fractionsof chagesmeasured
at eachsetof wire ends. A big advantageof this methodis thatthe chagesmeasuredy the group of three
wires canbeaddedandacommonz-coordinatecanbeinferredbeforethe hit patternrecognitionis performed.
Consequentlyonly one chage division operationhasto be performed. The alternatve approachwould be
the hit-wise measuremenf the z-coordinate.In sucha scenariothe z-coordinateshave to be associatedo
hits, entailingadditionalbook keepingandbuffering anda baselinecorrectionof the signalsis alsorequiredto
minimisetheinfluenceof precedinghits.

It is presentlyfelt thatasinglez-coordinatefrom thethreewirescomprisingatriggergroupis sufficient. FPGA
spaceandtime aresaved by performingonly a singledivision pergroupof 3 wires,ratherthanthree.Potential
disadantagesrisewhereadditionalhits atdifferentz-coordinatesrepresenon theregisterswithin therange
of the 20 bin runningsummey skeving the z-coordinatein onedirectionor the other However, thesedouble
hits, generallya resultof synchrotrorradiationhits, arenot expectedto be a frequentoccurrence Analysisof

existing drift chamberdatais in progresgo assesshe relative importanceof the doublehits andthe extent to

which subsequemarticlesearchesareaffectedby the degradedtrackinformation.

5 Minimal SegmentFinding Solution

In this section,a minimal solutionto thetracksegmentfinding is presentedndthe necessarfFPGAresources
andthetimetakenareestimatedln this scenariothetrack segmentsearcheslo not begin until afteraL1Keep
signalis recevedfrom the H1 centraltrigger. The bunchcrossingof origin for aneventis thusalreadyknown
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whenthe sggmentfinding bagins, considerablyeducingthe compleity of the requiredalgorithms.This exer-

cise canbe consideredirst asa proof of principle, demonstratinghatthe sggmentfinding canbe performed
sufficiently quickly. It is alsoa goodstartingpoint for the developmentof moresophisticated@lgorithmsthat
arecapableof finding track sgmentsandlinking themto form full trackswithout the prior knowledgeof the
bunchcrossingof origin. An overview block diagramof the algorithmin questionis showvn in figure 5. Each
separatetageof the algorithmis discussedn detailbelow.

A feasibility studyfor the level 2 FTT [3] hasdemonstratethat the track segmentlinking canbe performed
insidethelevel 2 lateny of 19.8us, with 0.6us to spare(seetable8 of [3]). In this calculation,0.48us were
assignedor L1-L2 lateny andafurther2.6us for receving thedataatlevel 2. Time canbeprobablysavedby
optimisingtheL2 fit algorithmor by makingafasterlL2 triggerdecisionwhichwasconseratively estimatedo
beabout3us. Taking[3] asaguide,ary level 1 solutionthattakeslessthan0.6us would ultimatelybeviable.
However, it would clearly be desirableto useasmuchof this ‘spare’time aspossiblefor final triggerlogic at
level 2, sothelevel 1 sggmentfinding shouldbefitted into a muchshortertime afterthe L1Keepif possible.

5.1 Shift Registers

The shift registersare clockedat 80 MHz anda doublehit resolutionof 50 ns is definedby the hit finding
algorithm. Figure 5 shows the algorithmfor the full drift spaceon both sidesof the sensewire in a single
cell. The hits canbe consideredogically asenteringfrom the both sidesof the registerand simultaneously
shifting to the centre. Whena L1Keepsignalis receved, the registersarefrozen. Thereis thena one-to-one
correspondencleetweerhit positionson thefrozenregistersandlocationof the hits insidethedrift space.

For thefirst stageof the segmentfinding algorithm,four adjacenpositionsin theregistersarelogically ORed,
suchthatthe effective active lengthof theregisterdecrease8om amaximum128bits to amaximum32 bits *.

5.2 First StageTrack SegmentFinding

Studieshave beenperformedof the numbersof patterndn the groupsof threeshift registersthat could corre-

spondto genuinetracks. Consideringonly trackswith p, > 90 MeV andan acceptabley? whenfitted to a

circularpathin ther — ¢ plane,theresultingnumbersof valid patternsof onehit in eachof thethreeregisters
areshavnin table1, bothwhereall threestruckwiresarein the samecell andfor the casewvhereoneof thehits

is in aneighbouringcell in the ¢-coordinate Due to the geometryof the chambersgcasesvherethe outermost
wire is struckin theleft handneighbour(case00-1in tablel), or wheretheinnermoswire is struckin theright

handneighbour(casel00) arevery rare. With the high level of redundang in the plannedsystem(presently
demandinga coincidenceof track segmentsin two out of the four possibletrackerlayers),thesetwo casesan

safelybeignored.However, it is clearfrom tablel thatit is veryimportantto triggercasesvheretheoutermost
wire in theright neighbour(case001)or theinnermostwire in theleft neighbour(case-100) arestruck.

The searchfor valid patternsn the threeregistersis realisedusing ContentAddressabléMemories(CAMSs).
TheseCAMs will beusedto storethe predefinedsalid patternsn the groupsof threeregisters.Invalid patterns
do not have entriesin the CAMs. Wherea patternfrom the registersmatchesone of thosestoredin the CAM,
theaddressn the CAM correspondingo the matchis outputto the next stageof the algorithm.

Themostrecentreleaseof the Quartussoftwarecontainsafacility for easybuilding of ‘Multiple Match’ mode
CAMs. This allows outputfor morethanonevalid matchper CAM. In this case two or morevalid patterns,

1The necessarpctive lengthsof the registersvary slightly from trigger layer to trigger layer, following the geometryof thecells.
In fact, the shift registershave to be considerablyongerthan32 elementsn orderto retain(pipeline)the datauntil the L1Keepsignal
arrives. However, whenthis occurs,at mostthe last 32 elementf the registersneedbe consideredasary otherregisterpositionsdo
not physicallycorrespondo hitsin thechamberstthe bunchcrossingof interest.
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Trigger Layer | Cells | Valid Masks
1| 000 127
1| -100 155
1| 00-1 11
1| 100 9
1| 001 133
2 | 000 143
2 | -100 243
2| 00-1 36
2| 100 30
2| 001 199
3| 000 169
3| -100 323
3| 00-1 56
3| 100 50
3| 001 288
4 | 000 283
4| -100 405
4| 00-1 43
4| 100 52
4| 001 393

Tablel: Numbersof combinationf entriesin thethreeshift registerswhich couldcorrespondo genuinerack
sggmentswith p, > 90 GeV at20 MHz synchronisatiorirequeng. Equivalently, thesenumbergepresenthe
numberof entriesrequiredin the CAMs for the coarsesggmentfinding. The ‘cells’ columnspecifieswhich
cells eachregisteris takenfrom. The ‘000’ entriescorrespondo patternswith all threehits in the samecell.
Entries’-1’ correspondo hits in the left neighbouringcell and*1’ to hits in the right neighbouringeell, such
thate.g.theentryfor ‘00-1" corresponds$o the casewherethe first two wires struckarein the samecell, with
thethird (outermost)wvire beingstruckin theleft neighbouringeell.

potentiallycorrespondingo distincttrack segmentsin the samedrift spacecanbefound. TheresultingCAM
addressearedrivenoutin successie cycles. Sincethefinal outputfrom the FPGAsis a serialstreamof track
sggmentsthis separationn time-sliceof the datais nota problem.

At thefirst level of sggmentfinding (20 MHz samplingfrequeng), it is intendedto configureoneor maximal
two multiple matchCAMs for eachregisterpositiononthe centrallayerof thetriggergroup(seefigure5). The
contentsof thefirst andthird layersprovide theinputto the CAM. Therangeof valid tracksegmentsincluding
the singleelemenibn the centrallayercoversonly a smallfractionof thefirst andthird shift registersasshovn
by the shadedareasf theregistersin figure 5. Simulationshave shavn thatfor valid track sggmentsinvolving
ary givenelementin the middle layer, it is never necessaryo feed more than 32 shift registerbinsin total
from thefirst andthird layers(e.g. 16 bits from eachof layer1 andlayer 3). The numbersof valid masksto
be storedin eachCAM arealsogenerallylessthan 32 (seetable/refvalid, which is for the full register). By
implementinga singleESB asa CAM, 32 track sgmentswith 32 bit width canbe stored. The CAMs thusfit

easilyinto asingleESB,makingefficient useof theavailablegates.In therarecasesvheretherearemorethan
32 valid patternsnvolving a singleregister positionin the middle layer, it will be necessaryo usetwo ESBs.
We consenatively estimatethat40 ESBsareneededor a giventriplet of shift registers.Sincetherearenever
morethan32 valid patternsnvolvedin asingleESB5 bits of informationarethereforesuficient for the CAM

addresses.



Theoutputfrom the CAMs is theoneor moreaddresses the CAM of thevalid matchesTheseaddresseare
passedo tag fields (RAM), from which the outputdatafrom a successfusearcharethe two original register
positionsfrom the first andthird shift register The positionswithin these32 bit registerscanbe encodedn
maximal5 bits each.At this stagethefull algorithmis still proceedingn parallel,suchthatthepositionof the
hit in the centrallayeris implicit in the CAM / RAM pair thatgivesanoutput.

5.3 Track SegmentRefinement

As illustratedin figure5, theoutputfrom thefirst stageof thesgmentfindingis fedto therefinedtracksegment
builder. Here,theoriginal 80 MHz shift registerbinningis restoredust by ignoringthe previousORing of the
shift register entries. Thatyields an extra 2 bits for eachlayer 2, describingthe register positionat the finer
granularity

The z-coordinatecalculatedn parallelasexplainedin section4, is re-associateith thetracksegmentusing

e.g. the positionin the centrelayer, andis storedusingan additional7 bits. Hereit hasnot beendecidedyet

whetherz-valuesarestoredhit-wise or cell-wise. In the simplestapproactthe cell-wisecalculated:-positions
usingthe 20 bit runningsummetrhave alreadybeenaveragedIn caseof a hit-wise processingf the z-valuesa

secondshift registerparallelto the hit shift registerasusedfor the patternrecognitioncould beimplemented.
Thatregisterhasto containthe z-positionof alreadyreconstructedthits asfunction of the drift time.

From this stageon, the dataflow switchesfrom parallelto serial, so a further 6 bits (thus allowing up to
64 CAMs to be addressedgre requiredin orderto encodethe CAM-RAM pair originating the match (or
equivalentlytheregisterpositionin layer?2). Thefully built tracksegmentsat80 MHz samplingfrequengy are
thusencodedn atotal of 24 bits of information. Thesepatternsarepassedo anoutputbuffer which receves
theinformationfrom up to 64 parallelCAM streams.

Theoutputbuffer collectsthesedatain parallelandfeedsthemsequentiallyfo an SRAM. The corversionfrom

parallelto serial dataflow will be realisedusing a priority encoding,whilst ensuringthat all sggmentsare
ultimately passedo the SRAM. The SRAM decodeshe input informationinto p, and¢ informationfor the
track sggmentswhich arestoredas 16 bits. Invalid segmentsatthe80 MHz samplingfrequeng arerejected
onthebasisof thefinergranularityinformation. Thefinal informationis passeat80 MHz to adualclock ‘first

in, first out’ (FIFO) buffer, which outputsthe dataat the 50 MHz frequeng asspecifiedfor the FTT Level 2

input.

6 Timing and NecessaryResources

For several individual processingstepsof the aborve describedalgorithm (seefigure 5) the speedandthe re-
sourcef theimplementatiorhave beenevaluatedoy runningthe Quartussimulationpackage Unfortunately
dueto the late arrival of the high memoryPCssoftwaredevelopmentfirst startedin March and, asa conse-
guenceasimulationof thecompletealgorithmcouldnot be performedasyet. Neverthelessall importantparts
have beensimulatedseparatehandthis approactof programmingsinglemodulesinsteadof thewhole design
is assumedo bevalid. Fastroutinglines(FastTrack Interconnect) in the Altera APEX devicesensureafastdata
transferbetweendifferentsocalledMegalLAB (logic arrayblocks)structuresin which the differentprocessing
tasksareimplemented This ensures high performancevenif alarge numberof logic elementsor ESBsfor
CAM andRAM applicationss used.Consequentlyscalabilityof the device is assumedn thefollowing. That

2Sincethe doublehit resolutionof ~ 50 ns correspondso 4 binsat 80 MHz synchronisatiorfrequeng, the situationwherethere
aretwo hitsin thefour 80 MHz bins correspondingo one20 MHz bin cannot arise,andwe encodethe four registerpositionsin two
bits.



meanghatthespeedf thealgorithmdoesnot dependn the sizeof theimplementatiorandthattheresources
needednumberof logic elementsandESBs)scalelinearly with e.g.the numberof track segmentsto beused.

Simulationsalso shoved that several taskslike readingof shift registers, CAM operations buffering, and
evenmorecomple logical operationscanbe performedat clock frequencieaip to 180 MHz. Making useof

pipeliningtechniguegvenmathematicabperationdike addingandmultiplying canbeperformedatthatspeed.
In the currentdesigna clock frequeng of 80 MHz is cosenatively assumedThefinal algorithmis hopedto

be optimisedby doublingtheclock frequeng for somepartsof operationsandthusreducingthelateng of the

tracksggmentfinding (the time whenthefirst track segmentcanbe sentto level 2) by about10-20%.

6.1 Timing beforeLevel 1 Keep

Sincethesggmentfinding in theminimal solutiondoesnotstartuntil afterthe L1Keepsignalarrives,overheads
for the collectionof the signalsfrom the drift chambers() — ¢ analysisandfilling of the shift registersneed
notto beconsideredn detail. Nonethelessestimatesregivenhereto demonstrat¢hatthesestagesaneasily
be completedbeforethe L1Keepsignalarrives. The estimatesare summarisedn table2. The overall time
takenfor thesestepsis estimatedio be lessthan 1.5 us, which is comfortablywithin the 2.5 us that have
elapsedvhenthe L1Keeparrives. The maximumdrift time for ary hit in the chambersinderconsideratioris
approximatelyl.1 us (outerlayerin CJC1). This unavoidabledelayvariesbetweentriggerlayers. A second
unavoidableoverheadarisesrom cabledelays.We conseratively allow for 40 m of cableshere,corresponding
to anexpecteddelayof alittle lessthan200 ns. Theactualdelayincurredby the@ — ¢ analysiss thatincurred
in digitising the data, finding pulsesabore the pedestaknd clocking them onto the shift registers. The z-
calculationis performedn parallelwith the sggmentfindingin ther — ¢ plane,andthusis notincludedin this
timing analysis.An additionaldelayof 50 ns is incurredin the write operation whilst passingthe hits to the
shift registers.This numbercanbedirectly inferredfrom the 20 MHz clock cyclesof the coarseshift register

Task Latency first segment(ns) | Cumulative Time taken (ns)
lonisationdrift to sensewires < 1100 1100
CableDelays 200 1300
t-Analysis 75 1375
Synchronisatiomnto Shift Registers 50 1425

Table2: Estimate®f timerequiredto performall tasksthatmustbecompletedeforetheL1Keepsignalarrives
from thecentraltrigger (2.5 us).

6.2 Timing after Level 1 Keep

Here we startwith the assumptiorthat we freezethe shift registerson the L1Keeparrival and estimatethe
time takenfor sggmentfinding from this point. The timestakencanthenbe addedto the L1Keeplateny to
estimatethe time at which the track segmentsareprovidedto level 2. For this exercisewe assumehatwe are
clockingthe FPGAsat 80 MHz, suchthat a singlecycle costs12.5 ns. Table3 summariseshe timestaken.
It is estimatedhat the first track segmentinformation canbe outputto the level 2 FTT within 113 ns of the
L1Keepsignalarriving. A maximumnumberof tenvalid track segmentsper wire group, of which at most4
comefrom eachCAM, hasbeenderivedfrom simulations.Takenthatthelastis outputto level 2 about400 ns
afterL1Keep.Becausdracksegmentsaremorerapidly validatedthanthey canbesentto L2 usingthe 50 MHz
LVDS link only theinitial delayof thefirst track sggmentis relevanthere.

CoarseSegmentrFinding: The completeshift registeris readand shift register sectorsare presentedo the
CAMs in asinglestep. The CAMs are operatedn multiple matchmode,which takestwo cycles per match.
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Task Latency (ns) | Time first segment(ns) | Time last segment(ns)
ReadShift Register 12.5 12.5 12.5
CoarseSgmentFinding 25 37.5 112.5
Decodecombinations 125 50 125
Build Track Segments getz-values 25 75 150
Write to Buffer 12.5 87.5 162.5
Validationin SRAM 12.5 100 387.5
Write to FIFO 125 112.5 400

Table 3: Estimatesof time requiredto performall tasksthat are completedafter the L1Keepsignalarrives
from the centraltrigger. Thelateny describeghe actualdelayin the processingThe cumulative timesof the
first and the last track sggmentdo not includethe 2.5 us that have elapsedbeforethe L1Keeparrives. The
cumulatve time for thelasttrack segmentassumes maximumnumberof 20 non-\alidatedtirack segments.

Up to 4 matchegper CAM resultin amaximumdelayof 112.5 ns for thelastsegment.

Track SegmentRefinement: In the refinementstepabout50% of the track sggmentsarere-validated. The
original 80 MHz samplinginformationfor each20 MHz elementin the track segmentsis decodedusing a
tagfield (1 cycle), yielding arefinedhit pattern. The so constructedefinedtrack sgmentsare meiged with
the z-information (2 cycles)andwritten to a buffer. Up to 20 notfinally validatedtrack segmentshave to be
furtherprocessedh a secondvalidationstepusinga discreteRAM which containgpredefinedralid masksand
thetrackrepresentatioin x and¢, which areneededor the subsequent?2 processingThe maximumdelay
comesfrom the serialprocessingn therefinedvalidationstepandresultsin 400ns for thelasttracksegment.

6.3 Required FPGA Resources

The choiceof the size of the FPGA s driven by the numberof logic elementgLE) andESBsfor the imple-
mentationof the algorithmandby the numberof 1/O pins. The numberof LEs canbe directly derived from
the depthandthe width of the objects.E.g. asinglebit in a shift registeror buffer canbeimplementedn one
LE. For CAMs the numberof logic elementsneededdependon the operationmode. In the multiple match
modeabout100LEs areneededrer ESB. Assumingthat40 CAMs areneededt000LES have to beresened.
For the outputbuffer about4000LEs 2 andfor the shift register L000LEs # areneeded The total numberof
logic elementperwire groupincludingthe — ¢ analysiscontrollogic, andl/O tasksis approximatelyl2000
(50% of APEX20K600resources)ESBsareonly usedfor CAM andRAM applicationsIn the currentdesign
eachCAM andits tag field needstwo ESBsresultingin about80 ESBs(50% of APEX20K600resources).
In a minimum schemeanputsto the FPGA arejust the digitized 8 bit FADC valuesfrom both endsof wires
from all groupsin the samecell andfrom the adjacentells giving 80 input pins. Outputpinsare 24 bit track
sggmentswhich haveto bevalidatedby thediscreteRAM. More outputbinsareneededf theL1 triggeroption
is realised. Thesenumbershave to be comparedwith the minimum 480 1/0 pin FPGA packagesvhich are
availablefor the APEX 20K600andsotherequirednumberof I/O pinsdoesnotimposeary constrainton the
choiceof the FPGA.

340 outputbuffers containinga most4 wordsa 24 bit
42 5us L1 lateng times80 MHz clock frequeng gives 200 bins per shift register Thereare3+2 shift registersfrom the group of
threewiresin the samecell plusthe additionalshift registersfrom the adjacentells
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7 Implementation Costs

Thelevel 1 hardwarecostsaredominatedby the price of the Altera FPGAs.In the currentschemel 50 APEX

20K600devicesareneededvhich costnowadaysabout2000DM ontheopenmarket.ThatpricefitsintotheL1

costestimatessgivenby theoriginal FTT proposal.Two biggerFPGA serieshave alreadybeenannouncedy
Alteraandthe APEX 20K1000is expectedto be deliverablein May/Junethis year Pricesfor smallerFPGAs
areexpectedto go down thensignificantly To be conserative andfor keepingthe possibility of usingeven
biggerFPGAs,e.g. to implementthe L1 trigger option, we do not changethe financingschemeat the current
stage.Becausef the decisionto move the HERA upgradeshutdavn by another3 monthsto Septembe2000
the FTT scheduléhasalsobeenshifted,which allows later purchasef the mostrecent-PGAsfor evenfurther
decreasegrices.

8 Summary

In thisdocumentasimplifiedversionof theplannedevel 1 tracksegmentfinding algorithmhasbeenpresented,
in whichthefunctionalityis keptto thebareminimumrequiredto feedthetracksegmentgo thelevel 2 sgment
linker. It hasbeenshownn thatthe extractionof track segmentinformationcanbe donewithin around100 ns of
the L1Keepsignal. Thisis muchlessthanthe ‘spare’time calculatedn thelevel 2 feasibility study Though
the estimatesare fairly rough at this stage,it is clearthat for example, even an extra 100 ns comparedto
our estimatesvould not be critical. The minimum hardwareresourceave beenevaluatedandit hasbeen
shavn thatthe APEX 20K600Efits our basicrequirementsWhetherabiggerFPGAhasto be usedin orderto
implementa modifiedtrack segmentfinding for the L1 trigger optionis not clearat the currentstageandwill
beinvestigatedn thenext months.
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