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Abstract

The CMS HCAL UpperLevel Readoti systemprocesses Fe

datafrom 9300detectorchanrls in a systemof about26
VME Crates.Eachcratecontainsabout18 readou cards,
whoseoutpus are are comhined on a Data Concefrator
Card, with real-time synchronization and errorchecking
anda throughpu of 200 Mbytes/s. The implenentationis
modularandbasedon industryand CERN standard: PCI
bus, PCI-MIP andPMC carrierboard, S-Link andLVDS
seriallinks. A prototypesystenincludng front-endemula-
tor, HTR cardsandDataConcentratohasbeenpraotyped
andtested.A VME motheboardprovidesa standardlat-
form for thedatacorcentrator Implementationdetailsand
curren statusaredescribed
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Figurel: HCAL DAQ Crate

1 OVERVIEW

The CMS HCAL trigge/DAQ systemconsistsof abou
(26) 9U VMEG64xP crates(Fig. 1) with up to 18 HCAL
Trigger Readout(HTR) modules,one Data Concerrator
Card (DCC), andone HCAL ReadoutController (HRC).
Front-eml datais carriedfrom the on-cetectorfront-end
electronicsto the crateby 100m optical fibers, eachcar
rying 3 front-end chanmels. LVDS datalinks are usedto
transferdatafrom theHTR modulesto the DCC andfor lo-
cal fanou of TTC (Trigger, Timing, Control) signals.The
primary DAQ outputis via anS-Link/641] carryirg anav-
eragedatavolumeof 200Mbytes/sfrom eachcrate.

2 HCAL TRIGGER READOUT CARD

TheHTR moduleis a9U VME module(Figure?) equipped
with optical recevers, TTCrx circuitry, outpus on serial

Local BCO, Clock Fanout BCO, Clock

Trigger
Serial Primitives
Link — To
Board Level 1
Trigger

I

8 or 16 Fibers
24 or 48 Channels

Level 1+2

: f l  , Data
Level 2 Pipeline o

DCC

Figure2: HCAL TriggerReadoutCard

LVDS (ChannéLink) anda custommezzaninecard. The
opticalinputs receive datafrom the HCAL front-endelec-
tronics,with onechage sampleper bunchcrossing(BX).

The high-speedserialinputs require specialboad layou

techniqes. The CMS HCAL is a trigger detectoy thus
the HTR includestwo datapipelines:thetrigger pipeline

which assigng~ront-End datato a BX andsendsthemto
the CMS regional trigger, andthe DAQ pipeline wherethe
FE-dataarepipelined, triggered andsentto the DataCon-
centratorCard.
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Figure3: HTR InputandLevel 1 Pipeline

TheHTR inputprocessingandLeve 1 Pipelineis shavn
in Figure3. Theraw fiber datastreamis deserializedthen
synchramizedto thelocal clock. A programmaéle delayof
upto afew clocksis usedto align datafrom differentinput
fibers.A testRAM cansubstitutefor theinputdatastream.
Finally, the 3 chanrls carriedon one fiber are demuti-



plexed Eachchannelis thenfed to a linearizinglook-up
tablewhich corvertsraw input datato a 16-bit linear en-
ergy value. Next a finite-impulse respons€FIR) filter is
usedto subtractthe pedestaland assignall the enegy to
a singlebunch crossing. This perfamsthe samefunction
asatraditioral analogshaperbut hastheadwarge of being
easily reprggrammale. Finally, the enegy is corverted
to Er andcompessedo 8 bits accordimg to a noniinear
transformation specifiedby the CMS level 1 calorimeter
trigger, anda comparisonis doneto seeif the signalmay
represena mum. This compessedutpu plusamum ID
bit is sentto level 1. Thefinal synchrmizationandserial
transmissioris perfamedby a SynchonizationandLink
Board(SLB) descriledin detailelsavhere[3. Thelateny
of the level 1 pipeline is critical; it mustbe lessthan ~
23 BX peridds. Currerily the theoreticaiminimum for the
HTR implemerationis 16 BX periods.
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Figure4: HTR Levd 2 (DAQ) Pipeline

The HTR Leve 2 Pipelineis showvn in Figure 4. First
is apipelire of progammalte depthwhich storedatadur-
ing the CMS level 1 lateny peridd (a fixed value). Then
comesa “deranamizer” buffer into which datais copied
at eachlevel 1 accept. The deran@dmizercanhold up to
10 chage samples(one per BX) per evert although cur
rently we anticipateonly proessings samplesNotethata
givenchage samplecanin principle participae in multiple
events, so the pipelineto-deandonizer copy logic must
handleoverappingeverts. From the deramomizer data
is linearizedby a LUT, filtered by an FIR filter similar to
thatin thelevel 1 pipeline, anda thresholdis appliedfor
zero-supession At this poirt eitherthe outpu of thefilter,
the raw dataor both may be insertedinto the outpu data
stream.

A similar pipelineis usedto storethe level 1 trigger
primitives, synchonized with the correspondimy level 2
data.Finally thedatais packaedin avariablelengthblock
format along with ary error information from the input
links andtransmittedusingan LVDS serializerto the data
concentator.

3 DATA CONCENTRATOR CARD

TheDataConcentator Cardis compmsedof a VME moth-
erboad, six LVDS link recever boads anda PMC-type
logic board The motherlmardis a VMEG64x 9Ux400mm
single-slotmodule. The motheboard3] (Fig. 5) suppats
VME accesaup to A64/D32, and contairs threebridged

PClI busses.Six PC-MIP[4 mezzanie sitesarearrarged
in groupsof threeontwo 33MHz 32-bitPClbussesA third
33MHz 64-t PCl busis bridgedto the VME bususinga
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Figure5: VME 9U Motherboard

A singlelarge logic mezzaine boardhasaccesdo all
three PCI bussesfor high-speed applicationspecific pro-
cessingandan additioral standardPMC site is available.
A local contrd FPGA onthe motherboad providesaccess
to on-loardflash configuation memay, a progammalte
multi-frequeng clock generatg andJTAG.

The LVDS link recever boads[q§ (Fig. 6 useChannel
Link[6] techndogy from National Semicondctor Each
boardcontainsthreeindependentink recevers which can
operateat 20-66MHz (16-bit words). Buffering for 128
32-bit words is provided for eachlink with provision to
discarddataif buffer occipany exceed a progammale
threshold Eventbuilding, protacol checking, event num-
ber checling and bit errar correction are perfamed in-
depenéntly for eachlink. A PCI target interface pro-
videssingle-word andburstaccesgo the datastreamplus
numepus monitofing registers. A single PCI burst read
senesto build an evert from fragmentsfound in eachof
the threeinput buffers. The expectedevent numter (low
eight bits) is provided as part of the PCl addess,anda
mis-matchcausesnerrorbit to be setin thelink trailer.
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Figure6: PC-MIP 3-Chamel Link ReceverBoard

The logic mezzaime boad (Fig. 8) contairs the core
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Figure7: HCAL DAQ Buffering

dataconcerrator logic. The protaype wasimplenmented
usinga Xilinx XC2Vv10Q for thelogic, plusthreeAltera
EP1K30for threePCl businterfaces.

The event builder logic memgestwo datastreamsfrom
the two PCI busses,and re-orcers the incomning dataso
thatthe variows sub-types(Leve 1, Level 2...) arein con-
tiguousblocks in the outputstream. An on-loard TTCrx
storeslevel 1 acceptgL1A) into a FIFO which drives the
eventbuilder. For eachL1A, the data decoder triggersa
PCI burst readon the PCI-1 and PCI-2 interfacessimul-
taneously As datais transfered it is sortedinto various
sub-types andsummaryandmonitoiing informationis col-
lected. Eachsub-tyge is pushednto a unique FIFO. After
the end of the evert hasbeenprocessedblock trailer re-
ceived from LRB) an endof-event marker is pushedinto
eachof the FIFOs. The event builder readsdatafrom each
of the sub-tyge FIFOsin turn, insertingprotacol wordsas
needed. The DCC logic is designedto operatecortinu-
ouslyatthefull speedf thetwo input PCl bussespamely
33MHz«32 bitsx2. Theeventbuilder andoutpu logic must
thusrunatanaveragerateof atleast66MHz (32-bit words)
or 264MBytes/sec.

Theeventbuilderoutputis sentin parallelto severaldes-
tinations. Eachoutpu pathcontainsa filter which canbe
progammedto selectspecificportions of everts or a spe-
cific subsebf events(prescaledspeciallymarked,etc.).

1. The DAQ Output. Every evert is sentvia SLINK-64
to the CMS DAQ. Thedetailedconterts of eachevert
maybe contrdled by corfigurationregisters.

2. TheTrigger DataOutput. Thetrigger primitivessent
to the CMS L1 triggerarealsosentto via SLINK-64
to a special“trigger DAQ” systemfor moritoring of
thetrigger performane.

3. TheSpy Output.A selectedsubsebf eventsis sentto

a VME-accessiblememay for monitaing anddiag-
nostics.
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Figure8: DCC Logic PMC

Error detectim and recovery are a primary considera-
tion in a large synchronots systemandthe DCC contains
logic dedicatd to this purpose. Figure 7 shavs the main
DAQ datapipeline andbuffering in theHCAL readouisys-
tem. Hammingerrorcorredion is usedfor the LVDS links
betweenthe HTR andDCC. All single-biterrorsarecor
rectedandall doube-bit erras are detectedby this tech-
nique. Event synchonizationis checled by meansof an
eventnumkerin theheaderndtrailer of eachevent, which
arechecledby the LRB logic aganstthe TTC eventnum-
ber Buffer overflow is avoided by the expedientof dis-
cardingthe data payloal and retaining only headerand
trailer words whenthe LRB buffer occupany exceed a
progammabldevel. Additiondly, an“overflow warning
outpu is provided which is delivered to the CMS trigger
throttling systemto requestareductian in therateof L1A.
Datatransfes from theLRB to DCC logic arepratectedby



parity checls onthe PClbussesTheevert builderopeates
ataprocessingpeedsufiicient to hardle 100% occlpang
of the two PCI busses. After the evert builder is a large
memory which cancortain several thousandaveragesize
event.

The main bottlenek (speedlimitation) in the DCC is
the two 32/33 PCI bussesthroudh which all data must
flow. Thetheoeticalmaximum bandvidth for oneof these
bussesis 33MHz x 4 or 132 Mbytes/sper bus. In prac-
tice we expectto achieve abou 100Mbytes/sfor atotal of
200Mbytes/sthroughpu onthetwo bussesThisis exactly
the maximun average datavolumepernitted on oneinput
of the CMS DAQ switch.
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Figure 9: HCAL ReadouDemorstrator

4 PROTOTYPE TESTING

A “demamstrator” (first pratotype) of the entire system
is being built (seeFigure9). The HTR denonstratoris
a 6U VME modile with 4 G-Link recevers running at
800Mbyte/sandanAltera APEX family FPGAfor thepro-
cessindogic. The(secoml) pratotypeandproductionHTR
moduleswill be 9Ux400mm VME modulesusing CERN
GOL links. The DCC demorstratoris built on the 9U
VME motherboad asdescribd above, andis quite close
in hardvareconfiguationto theanticipatecdproductionde-
sign. A customfront-endemulator(FEE)which simulates
LHC timing and prodwesdunmy front-end datais used
to provide simulatedinput datato the HTR for testing. A
G-Link basedopticd S-Link is usedto transpet datafrom
the DCC demorstratorto a VME CPUfor verification.

As of this writing, a simplified denonstratorusingone
FEE,oneHTR, oneDCC andS-Linkto CPUhasbeensuc-
cessfullytestedor usein ahigh-rateradicactive sourceest
at Fermilab Datawastransferedthrowgh the entirechain
without erra at a contiruousrate of 80 Mbytes/s. The S-
Link datais receved onthe CPUin a large DMA buffer
(400+Mb) andwhenfull writtento disk for off-line analy-
sis.

We expect to compete the full demorstrator shortly,
thoughonly highly simplified FPGA codewill be imple-
mentedn theHTR andDCC.

5 SUMMARY

A denonstratorof the CMS HCAL DAQ hasbeenassem-
bled andtestinghasbegun. The datacorcentratormakes
extensie useof standardnterfacesandbussesandwasas-
sembledrom “multifunction” compnentsdevelopedsep-
arately This resultedin significantsarzings by sharirg de-
velopnent costsbetweenmultiple projeds. The designof
the full-fuction protaypeswill cortinue throudh the re-
mainderof 2001, with a working protaype systemex-
pectedn 2002
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