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Abstract— The CDF particle detector operatesin the beamline
of the Tevatron proton-antiproton collider at Fermilab, Batavia,
IL. The Tevatron is expectedto undergo luminosity upgrades(Run
IIb) in the futur e, resulting in a higher number of interactions per
beam crossing To operatein this denseradiation ernvironment, an
upgrade of CDF’s silicon vertex detector (SVX) subsystemand a
correspondingupgrade of its VME-based DAQ system has been
explored. Prototypes of all the Run Ilb SVX DAQ components
have been constructed, assembledinto a test stand and operated
successfullyusing an adapted version of CDF’s network-capable
DAQ software. In addition, a PCl-based DAQ system has been
developed as a fast and inexpensie tool for silicon detector and
DAQ componenttesting in the production phase.In this paper
we present an overview of the Run llb silicon DAQ upgrade,
emphasizingthe newfeaturesand impr ovementsincorporated into
the constituentVME boards, and discussa PCl-basedDAQ system
developedto facilitate production tests.

Index Terms— CDF Run llb, Silicon strip detector, Data acqui-
sition, VME, PCI.

|. INTRODUCTION

N the ongoing Run lla phasethe Tevatra collides proton

andantipotonbeamsat a bunch crossingintenal of 396 ns,
prodiucing a centerof-massenegy of 1.9 TeV. In the future
theinstantaeousluminasity is expectedto go up by a factorof
3-4. Fromthe viewpant of SVX DAQ, this charge demand a
radiatiorthard electronicsystem,able to suppat a sufiiciently
high rate of datatransfer At a typical first level trigger rate of
40 KHz, the datanecessarfor makirg trigger decisionmust
be digitized and read out within 10 ps. The Run Ilb silicon
upgrade[1] is thusdriven by two impartant aspectof the Run
Ilb opeating condtions. Since the SVX detectoris located
in a denseradiation ervironment, all the active electronic
commnentsneedto be radiatiorhard Secontl, owing to a
highe numter of interactims per beamcrossing,a high data
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transferrateanda fasttriggerdecisionlogic mustbe employed
for deadtimelesDAQ operatim. Thefirstissueis addressedby
minimizing electroniccompamentsin the high radiationregion
and fabricding all the remainng active compmentsbasedon
a 0.5 pym CMOS technolay, which is adeqately radiation
tolerant for Run IIb purpases.For deadtinelessoperdion of
the DAQ an optimizedreadat configurationhasbeenadopted

Il. CHANGES IN DAQ SCHEME

In thepresen(Runlla) configuration,silicon datais digitized
andreadout from doube-sidedsensorgr-@ andz) usingSVX3
chips. Silicon sensordn the SVX detectorare assemblednto
laddes, arrargedin a 12-fold symmety in ¢, 5 layersradially
and 3 barrelsin z. A single readoti chain compises of a
Port Card (PC) conneted to 44 SVX3 chips, mourted on
sensordgrom 5 layersin a ¢ wedge,by meansof High Density
Intermnnects(HDIs). The PC decales control signalsfrom a
Fiber Interface Board (FIB) directedto the chips, gererates
calibration voltagesusinga DAC andprovidesreguatedanala
power to the chips. It also converts the datacoming from the
chips into optical signalsto be sentout to the FIB, through
a FIB Transition Modue (FTM). At the FTM thesesignals
are converted back to electrical (ECL) signals. Theseinter
conversionsare achiezed by DenseOptical Interface Modules
(DOIMs), which emplg/ transmittes (PC-end)and recevers
(FIB-end to sendthe datafrom the PC to the FIB. A FIB
module contrds 2 PCsthrouch a set of copper lines, based
on commauls sentfrom the Silicon ReadoutController boad
(SRC),which actsasa command/dataflow supevisor for the
whole SVX DAQ system.Commandsignals from SRC are
sentto FIB boads in a cratevia a FIB fanait boad (FFO),
over a 1.5 GHz optical link (G-Link). Data from each FIB
are serializedinto high speedG-Links and transfered to the
VME ReadoutBuffers (VRBs). EachSRC contrds 12 VRBs



in a crate throgh a VRB fanout (VFO) boad. The SRC
commuicateswith CDF Trigger Systeminterface (TSI) over
an optical link.

In the Run IIb design a staveis usedas the fundamental
elementof the new SVX system.Figure 1 shaw the layou of
the Run llb silicon detector(SVXIlb). A stave consistsof 3

Mini PortCard

SVX4 Chips

Fig. 1. Stave configuraton andlayout of the SVXIIb detector.

modues mourted on eachside of a carbonfiber - foam core
with embedéd coding and cables.Eachmodue consistsof 2
single-sidedsilicon sensorsaand one hybrid. Eachhybrid has4
SVX4 chipsfor chage integration, digitization andreadot of
silicon data.Eachstave (6 modues) compgisesa singlereadot
unit. The stave designwasoptimized to give excellenttracking
perfamancean ahighradiationervironmentwith minimalmass
and easeof constretion. Figure 2 shavs a block diagramof
the SVXIlb DAQ compments.Commandand dataflow direc-
tions are indicatedby arravheads.As mentioed earlier, it is
desirableto move active electroic compmnentsout of the high
radiationervironment. As a stepin this direction the decoder

functionality of the DAC/DecodetRegulator (DDR) chip of
Runlla Port Cardhasbeenmovedto a nev FTM [2], outside
the high radiationregion of Run llb, leaving the transcerer
chipson a nev Mini Port Card (MPC) [3] which is mountel
on one end of eachstare. A new pair of JunctionPort Cards
(JPC)[4] arelocatedjust outsidethe detectorvolume,between
MPC andFTM, for data/cotrol transmissiorandpower supply
The data JPC transmitsdata and contrd (LVDS) signals bi-
directimally, asapprriate,andthe power JPCprovidesdigital
and analogvoltagesfor the SVX4 chips, HV for the sensors
and power for the MPC. JPCis split into two board due to
spaceconstrants. A study shoved the DOIMs not sufficiently
radiation-hardto survive Runllb. So copper cablesarechosen
to carry datafrom the MPCsto the FTMs.

Before an SVXIIb dataacquisitioncycle begins, the SVX4
chips are initialized by FIB. In this step FIB commandsare
decoad by FTM which then sendsthemto the chipsvia the
dataJPC and the MPC. The configuation and chanmel mask
bits are first downloadedto a 148bit shift register on each
SVX4 chip and thenthe configuation bits are clocked into a
shadav register, comgeting the initialization. As in Run lla
scheme,SRC coordnatestrigger, cortrol and dataflow in a
DAQ cycle.

A. Trigger Configuation

To facilitate highe rejection power for uninterestingevents,
CDF emplgys a 3 tieredtriggersystemin Runlla. Thedecision
time for level-1 trigger being 4 ps, all front-end electronics
are pipelined with on-baard buffering of 42 beamcrossings.
The level-1 trigger is distributed by the TSI to SRC, and
subseqantly transmittedto the SVX3 chips through FIBs,
contolling them,for the readot of datafrom a particularpipe-
cell. Thedatais sentto VRB bufferswherethey wait for alevel-
2 trigger. VRBs storedatafrom eventscorrespadingto upto 4
pendng level-2 decisiors in their internd buffers. A splitteris
employed to senda replicaof this datato help discriminatirg
tracks with large impact paranetersin level-2 A successful
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Fig. 2. Block diagran of the SVXIIb DAQ system.Also shavn are pictures
of real DAQ componets from a test stand.



level-2 trigger initiates transfe of the datato DAQ buffersand
subseqantly to level-3 noces via a network (ATM) switch,
whereevents arefully recorstructedfrom various sub-detector
informations A successfulevel-3trigger letsthedatabe stored
in massstoragemedia

Most of the Runlla trigger schemeaemairs samein Runllb
with a few exceptins. The nonwedge geanetry of SVXIlb
requies a few modficationsto the existing (Run lla) wedge-
symmetriclevel-2 Silicon Vertex Trigger (SVT) hardware, for
compete compatilility. Thesemodificatios, however, have no
impacton the Runllb SVX DAQ design.

I1l. DESIGN AND FUNCTIONALITY OF THE BOARDS

MPC is a fine pitch thick film circuit laid out on 500 pm
thick BeOsubstratelt is compsedof 6 circuit layeis madeof
Gold andfeatureshigh thernal dissipationand long radiation
length.EachMPC hasb transcever chipsfor contrd signaland
clock receptim from the FIB andsilicon dataandcortrol signal
transmissionback to it. In addtion, it corverts differenial
signalsto single-emled,asnecessarandregererateghe clocks
to drive the SV X4 chips.MPC is electricallyconneted to the
¢-side bus cable by meansof wire bords and to the zside
bus cableby meansof a flex circuit, calledthe Wing, soldered
to it. Anothe pair of flex circuits (pigtails) provide low bias
voltagesfor SVX4 opeaation, high voltage for sensor@&ndcarry
dataout of the chips. A total of 180 MPCswould be usedto
readait layers1-5 of the SVXIlb detecto. MPC functionalities
areembeded into the hybiids for the innemost (LO) layer

As mertionedin Sectionll, JPCfunctionalitiesare split into
two boads due to spaceconstraints.The power supply JPC
is respasible for providing regulated power to all the stave
commnents.The data JPC, on the other hand, acts as a bi-
directioral LVDS repeaterbetween5 MPCs and half of an
FTM. Several contiol signalsarefanred out from FTM to JPC,
each of which are comectedto two LVDS drivers in JPC.
The SVX4 chip has 3 bi-directional LVDS bus lines which
are driven in opposite directins during digitize and readot
operdions, using a contiol signal. JPC usesthe samesignal
to contrd its bi-directional drivers, ensuringtheir compatilility
with the MPC drivers. A total of 52 JPCs(18x 2 for layers1-5
+ 8x2 for LO) would be usedto readot the SVXIIb detecto.

FFO andFIB boara areunchangedin Runllb DAQ design
The FFO is a 9Ux400 VME boad which residesin slot-14
of eachFIB subrak. It recevescommandsandtiming signals
from SRC via G-Link andfansthem out on the J3 baclplane
for useby the FIBs. Like the FFO, the FIB is a 9Ux400 VME
board a maximum of 12 of which popuate a FIB subrack
On receving SRC comnandsvia FFO, it interpretsthemand
sendsclock sequenesto the SV X4 chipsfor initialize, digitize
andreadaut operatims. It contrds datareadut from the SVX4
chips, transfes datato VRBs andthe SVT systemfor level-
2 trigger decision. The FIB firmware has been modified to
accomnedatenew commau clock sequenesin Run llb.

Thenew FTM is a9Ux 120 VME boardwhich mateswith a
FIB boad via J3backpanein a FIB suback.An FTM contiols

240 SVX4 chipsthrowgh 2 JPCs,eachconrectedto 5 staves.
It employs an FPGA to contol and readut each JPC. The
electrical protoml| of the front and back panelsof FTM are
LVDS (JPCinterface)and TTL (FIB interface) respectiely.

Soa CPLD is usedasa level translatorto enaltle the FPGAs
to drive the databus directly to the backplane.A local 53 MHz

clock is usedto realigndatain the FPGAs,beforebeing sent
out to the FIB, and also to readot datafrom SVX4 chips.
FIB commaunls are decoed in eachdatachanné of the FTM

andthensentto 10 stavesvia 2 JPCs.Otherattractive features
of the FTM include remote programning through the VME

bus,loopbackmode, detecto dataemuldion andlogic analyser
accesdor diagrostics.

The VRB, VFO and VTM 9Ux400 VME board are un-
chan@d in Run llb DAQ design Functionalitiesof VFO and
VTM are similar to those of the FFO and the FTM in FIB
parlarce. VRB is a multipot memoy desigred to buffer and
filter datafor transferto online processors.It is capalke of
storingupto 12 events(programnable)which areeitherwaiting
for a L2 decisionor waiting for readoti to L3. In CDF SVX
mock, the VRB is contrdled by SRC. Following a level-1
trigger acceptace SRC assignsa readot buffer numkber for
storageof incomirg data. Several dataconsisteng checksare
performed while data is being receved e.g. pipecell and
bunch crossing number mismatchwith respectto the SRC,
datatruncdion, etc. Following a level-2 trigger acceptacethe
SRC assignsa scanbuffer numkber for the storeddatato be
transfered to a VME dataoutpu FIFO.

The SRC is a 9Ux400 VME boad which coordnates
SVXIIb opegation anddatareadat with the trigger superisor
(TS) andCDF masterclock. It recevesclock signalsandbunc
crossinginformationfrom the masterclock andpasseshemon
to FIB for use by the SVX4 chips and for timing all the G-
Link comections.On receving a level-1 trigger acceptane,
SRC marks a particula pipeline capacitorof an SVX4 chip
(cortaining an event of interest) and instructs FIB for its
digitization and readot. On comgetion, marked by success
statusfrom the FIBs and VRBSs, the SRC clearsthis cell at
the next beamgap The VRBs retun statussignalsto the SRC
indicating whenthey arebusy readirg datafrom the FIBs and
whenthey are passingdatato level-3 processorsafter a level-
2 acceptace. After completion of all the taskspertainirg to
a trigger decision,the SRC returnsstatussignalsto TS. An
on-boardtrigger emulate on the SRCis corvenient for DAQ
dehugging in teststandervironmen. Taking adwartage of the
on-board data buffering capability of the new FTM, studies
are undeway to allow the SRC to hande a level-1 trigger
acceptaoerateof 100KHz, compredto the presentateof 40
KHz. Thiswould be achieved by usinga fasterSRC/FTMclock
for datadigitization readng out a fraction of datanecessary
for SVT processingin additionto replacirg preseh 8 FPGAS
on the SRCwith a fasterand high logic capacityFPGA.

IV. VME DAQ SOFTWARE AND USER INTERFACE

In Run lla a Java-basedframework, called cdfvme [5],
has beenadoped for DAQ code developmen, operatim and



mainterance. It offers a corvenientway to createboard ob-
jects and link them togetherinto a compgex DAQ system.
It emplo/s a Fermilab versicm of CORBA (Comma Object
RequestBroker Architectue), ROBIN, for the boad objects
(clients), e.g. FIB, SRCetc, to talk to VME crates(seers)
over etherné A Fermilab version of VISION (Versatilel/o
Software Interface for Openbus Networks) library, FISION,
lets the actual boads in a crate talk to eachother On the
VME cratesMVME processa (68K or PoverPCarchite¢ure)
run VxWorks opeating systemcapableof network-basedDAQ
operdion. Figure 3 shawvs a block diagramof the SVX DAQ
codeandits commnerts. For conveniertce, cdfvmeframeavork
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Sun, Linux, NT

Client code: Java

Java compilers: Irix,
Sun, Linux. NT

Fig. 3. A block diagram of various componerg of SVX DAQ code

is split into 3 packages,which are maintaired and distributed
centrallyas Fermilabproducts:

« cdf vme_common: a packagewhich carriesall the code
comnon to CDF DAQ systems,definition of board,
toolsto combine basicboardsinto complex systemspase
classedo write test programsand meansto run them. It
alsoprovidesa library of usefu utility functions.

o cdfvne_tenpl ate: a packag containng templatesfor
VME boad contiol, monitoling and testing. Thesetem-
platesprovide code structurefor easyimplementéion of
boad-specificsener-side (C) andclient-side(Java) codes
andlink themtogetter. For examge, the core SVX DAQ
paclage, svxdaq, is derived from this package which
implementsthe whole CDF silicon DAQ boardassembly
and the client code for driving HistoScop, the online
histogammingpackage

« cdfvne_teststand: a packa@ containirg templateuser
interface codeto implemen, manipdate and run a board
systemderived from cdf vne_t enpl at e. For exanple, the
svxii packag implemeits a test standfor the svxdaq
system-f-boads, andis in usefor all Run Il silicon test
puiposes.

The userinterfaceto svxii is highly configuable, making
use of a setof ASCII config files. One of its most attractive

featues is that it lets direct access/manigation of VME

registerson the constituentboard for diagrostic pumposes.A

Fermilabdevelopedgraplics packageHistoScop, is employed

in svxdaq packag for visualization and customizéion of

online data.For Run Illb tests,an SVX4 chip classis created
andintegratedinto the svxi i packae. The modfied codelets
useof SVX4 chip systemson demaid and maintairs backward

compmtibility with the Run lla usage.Figure 4 shovs a GUI

panelfor corfigurationof a seriesof SVX4 chips.
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Fig. 4. A Jasa-baseduserinterface to SVX DAQ system

V. AN SVXIIB VME TEST STAND

All thepratotypeboard have beencombiredinto aVME test
standandopeatedusingthe modfied DAQ software.Utilizing
the SRC on-board trigger emulate, this systemworks well
in various modes of opeaation of the SVX4 chips, namdy
deadtineless, readall, sparsificationand real-time pedestal
subtractio. Figure 2 shaws picturesof this setupin opeation,
which lets various detecto and DAQ compaents, namdy
hybrids, silicon sensormodues and staves, to be testedunder
almostreal condtions. A HistoScop online displayis shavn
in Figure 5. The red (upperleft) histogramshavs averag
pedestaldistribution of 4x128 chamels of an SVX4 hybrid.
The bumps correspondo the injectedchage. The blue (lower-
left) histogramshawns chanrl-by-channé measued noise.

V1. A PCI-BASED DAQ SYSTEM

The PCI TestStand(PTS)[6] is aninexpersive andflexible
DAQ system,develgped to test SVXIIb detectorcompnents
during production. Its designis driven by the necessityto
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Fig. 5. A HistoSope (online) display of a pedestl run with internal chage
injection

build several test stationsto testthe compamentsquickly and
efficiently, soasnotto slow down the assemblyandverification
tasks.Flexibility is alsoimportant becage new waysto study
theelectraicsareconstatly devisedandmustbeimplenented
quicKy for optimal progress.

The PTSconsistsof a Linux hostcompuer andtwo special-
ized boards, a PCI Test Adapte (PTA) and a Progranmable
Mezzanire Card (PMC). Figure 6 showns a pair of PTA and
PMC cardsready for installationinto a host compuer. The

Programmable Mezzanine Card (PMC)

PCI Test Adapter (PTA) Card
Fig. 6. A pair of PTA and PMC cards

PTA contains2 Mb of on-tbardmemay, a PCl interfacechip,
an Altera APEX EP20KDOE FPGA, and connetors needed
to attachthe mezzanie card. The PMC hasa Xilinx Virtex
Il XC2V10M FPGA which suppots a large nunber of 1/0
standard, such as LVTTL, LVCMOS, LVDS, bi-directional
LVDS, andDDR bufferingon morethan200 pins comectedto
I/0 heades onthe PMC boad. A 50 MHz crystalprovidesthe
timing referance. The Virtex Il alsohasa small progammalbe
RAM which is corvenient for storing conmand sequenes
to be sentto the SVX4 chips. Signals may be progammed
individually by direct register writes under computer contrd,
or they may be clocked out of FPFGARAM at high speedThe

former techniaqie is usedfor initializing the chips, when the
synchonizationof the readlack of the initialization bits is not
guaranteedby the SVX4 chip. Acquisition, digitization, and
readait are accomgished with high-speedsequening of the
contiol pattern,andthe dataare synchronizedwith the OBDV
signalreturring from the SVX4 chips.

The control patternsfor the SVX4 chips are encodd in
easily-editale ASCII files which are parsedon the computer,
andthenloadedinto the Xilinx FPGA RAM. A signalis sent
by the computer to execute the patternonce. Data receved
from the SVX4 chips are latchedin DDR buffers and sentto
PTA RAM. The compuer thenreadsthe databack from PTA
RAM at PCI bus speedsAn option allows an acquirepattern
to loop indefinitely until an exterral trigger (which can also
be simulatedby a compuer write to a register) arrives, upm
whichthedigitize-ard-readut patternis sequencedndcontmol
passedackthento theacquirepattern The PTSis configuable
to test single chips and hyhrids by directly conneting them
to the FPGA I/O pins, or to test staves via MPC and JPC
interfaces.

Data acquisition with PTS is performed through a cus-
tomizedROOT-basedyraphical userinterfacesoftwarepackag
(ROOTXTL). Most of thededicatedestsavailablein the VME-
basedDAQ systemareimplemertedin PTSandarefunctional,
namely pedestalreadlack, noise measuremant, scan of cali-
bration signal strengthto measue the gain bandvidth scan
and a deadtimelesscan.Resultsof deadtiméess scansfrom
stares using PTS have beenpresented7] in this confeence.
Figure 7(a) shovs the main DAQ panel capalte of executing
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Fig. 7. ROOTXTL userinterface shaving (a) Main test pand, (b) Chip
initi alization paneland (c) globd task button pane| aided with a pair of DAQ
progresshars

multiple testsin a batchlike mode Figures7(b) and(c) shav
SVX4 chip initialization pané anda globd task button panel,
respectiely. In Figure8 resultsof againscanonanSVX4 chip
is shawvn. In the uppergraphaverage ADC courts are shavn
asa function of the input calibraion voltage setsuccessiely
using a DAC, over the 128 channelsof an SVX4 chip. The
lower graph shavs mean ADC countsaverayed over all the
chanrls. A fairly linearresposeis seenover mostof theinput
voltagerange.

Both VME DAQ and PTS save the acquied data into
ASCII files in an idertical gray-oded hexadecimal format.
A setof ROOT-based GUI classeshave beendevelgped for a
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detailedanalysis of the data,and more importantly, for cross-
comprisonof resultsfrom the two systemsWithin statistical
error, resultsfrom boththe systemsarefound to be compatitte.

VII. CONCLUSION

In this paper we have compared designof the CDF Run
lla SVX detecto with that of its proppsedRun llb successor
andhave outlined the upgradepathadoged for the VME DAQ
systemto meetrequrementsof the new environmen. We have
thenexplained implemenation of thesemodificatiors involving
changs at both the hardvare and software levels of the DAQ
system,emplasizing the compnentsbeing upgraled. A test
systemis establishedncorporatingall the upgradedcompan-

entsandfound to work well with the SVXIIb detectorcompao

nents,thus meetingone of the foremostgoalsof the new sys-
tem. A PCl-basedAQ system,developedto provide a simple
testing ground for the silicon detectorand DAQ compmnents
in the production phase, works well and featuresmost of the
functionalitiesof the VME-basedfull DAQ system.
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