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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 ervironment, an
upgrade of CDF’s silicon vertex detector (SVX) subsysem and a
corresponding upgrade of its VME-based DAQ systemhas been
explored. Prototypes of all the Run IIb 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 component testing in the production phase.In this paper
we present an overview of the Run llb silicon DAQ upgrade,
emphasizingthe new featuresand impr ovements incorporated into
the constituent VME 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 ongoirg Run lla phase, the Tevatron collides proton

andantiprotonbeans at a bunch crossinginterval of 396 ns,
prodicing a centerof-masseneagy of 1.96 TeV. In the future
theinstantaneos luminosity is expectedto go up by a factorof
3-4. Fromthe viewpoint of SVX DAQ, this changedemarls a
radiation-had electronicsystem,able to supporta suficiently
high rate of datatransfer At a typical first level trigger rate of
40 KHz, the dataneessaryfor making trigger decisionmust
be digitized and read out within 10 ps. The Run llb silicon
upgrale[1] is thusdriven by two importantaspectof the Run
IIb operating condtions. Since the SVX detetor is located
in a denseradiation ervironment, all the actve electronc
commnerts needto be radiatiorrhard. Seondly, owing to a
highe numkber of interactiors per bean crossing,a high data
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transferrateanda fasttrigger dedsion logic mustbe employed
for deadimelessDAQ operation Thefirst issueis addessedy
minimizing electroniccomponernts in the high radiationregion
and fabricatingall the remainingactive compamentsbasedon
a 0.25 ym CMOS techrology, which is adejuately radiation
tolerantfor Run llb purpases.For dealtimelessopeation of
the DAQ anoptimized readaut configurationhasbeenadoged.

Il. CHANGES IN DAQ SCHEME

In the presen{Runlla) corfiguration silicon datais digitized
andreadout from doule-sidedsensorgr-¢ andz) usingSVX3
chips. Silicon sensordn the SVX detedor are assemblednto
laddes, arrangedn a 12-fold symmetryin @, 5 layersradially
and 3 barrelsin z A single readat chan comprisesof a
Port Card (PC) comectedto 44 SVX3 chips, mounted on
sensordrom 5 layersin a ¢ wedge, by meansof High Density
Intercomects(HDIs). The PC decales control signalsfrom a
Fiber Interface Board (FIB) directedto the chips, gererates
calibrationvoltages usinga DAC andprovides regulaedanalay
power to the chips. It also corverts the datacoming from the
chipsinto opticd signalsto be sentout to the FIB, through
a FIB Transition Module (FTM). At the FTM thesesignals
are corverted back to electrical (ECL) signals. Theseinter-
corversionsare achieved by DenseOptical Interface Modules
(DOIMSs), which employ transmitters(PC-end)and recevers
(FIB-end) to sendthe data from the PC to the FIB. A FIB
modue cortrols 2 PCsthrough a set of copper lines, basel
on commands sentfrom the Silicon Readait Controller boad
(SRC),which actsasa command/dataflow supervisorfor the
whole SVX DAQ system.Command signals from SRC are
sentto FIB boardsin a cratevia a FIB fanou board (FFO),
over a 1.5 GHz optical link (G-Link). Data from each FIB
are serializedinto high speedG-Links and transferredto the
VME Reaaut Buffers (VRBSs). Each SRC controls12 VRBs



in a crate throuch a VRB fanout (VFO) board. The SRC
communicateswith CDF Trigger Systeminterface (TSI) over
an opticd link.

In the Run llb design a staveis usedas the fundamental
elemen of the new SVX system.Figure 1 shov the layou of
the Run llIb silicon detecto (SVXIIb). A stave consistsof 3

Mini PortCard

SVX4 Chips

Fig. 1. Stave configurationand layout of the SVXIlb detector

modues mountel on eachside of a carbonfiber - foam core
with embeddedcoding and cables. Eachmodue corsists of 2
single-sidedsilicon sensorsand one hybrid. Eachhybrid has4
SVX4 chipsfor chage integration, digitization and readat of
silicon data Ead stave (6 modules) compisesa singlereadat
unit. The stave designwasoptimized to give excellenttracking
performane in ahigh radiationenvironmentwith minimal mass
and easeof construction.Figure 2 shavs a block diagramof
the SVXIlIb DAQ componens. Commam anddataflow direc-
tions are indicated by arrovheals. As mentiored earlier it is
desirableto move active electroric commnerts out of the high
radiationervironment.As a stepin this direction, the decder

functiorality of the DAC/Decaler/Regulator (DDR) chip of

Runlla Port Cardhasbeenmovedto a nev FTM [2], outside
the high radiation region of Run llb, leaving the transcerer

chipson a new Mini Port Card (MPC) [3] which is mounte

on one end of eat stave. A new pair of JunctionPort Cards
(JPC)[4] arelocatedjust outsidethe deted¢or volume, betwea

MPC andFTM, for data/cotrol transmissin andpower supply

The data JPC transmitsdata and control (LVDS) signals bi-

directiondly, asappropiate,andthe power JPCprovidesdigital

and anal@ voltagesfor the SVX4 chips, HV for the sensors
and power for the MPC. JPCis split into two boardsdue to

spacecorstraints.A study shaved the DOIMs not sufficiently

radiation-had to survive Runllb. So coppe cales arechosa

to carry datafrom the MPCsto the FTMs.

Before an SVXIIb dataacquisitioncycle begins, the SVX4
chips are initialized by FIB. In this step FIB comnmandsare
demdedby FTM which then sendsthem to the chips via the
dataJPC and the MPC. The corfiguration and chamel mask
bits are first downloaded to a 148-bit shift register on eah
SVX4 chip and then the configuration bits are clocked into a
shadev register comgeting the initialization. As in Run lla
scheme SRC coadinatestrigger, cortrol and dataflow in a
DAQ cycle.

A. Trigger Confguration

To facilitate higherrejectionpower for uninterestingevents,
CDF emplogss a3 tieredtriggersystemin Runlla. Thedecision
time for level-1 trigger being 4 ps, all front-end electronics
are pipelined, with on-boad buffering of 42 bean crossings.
The level-1 trigger is distributed by the TSI to SRC, and
subseqantly transmittedto the SVX3 chips throuch FIBs,
cortrolling them,for the readot of datafrom a particularpipe-
cell. Thedatais sentto VRB bufferswhere they wait for alevel-
2 trigger. VRBs storedatafrom events correspadingto up to 4
perding level-2 dedsionsin their internal buffers. A splitteris
employed to senda replica of this datato help discriminating
tracks with large impad parametes in level-2. A sucessful
level-2 triggerinitiatestransferof the datato DAQ buffers and
subseqantly to level-3 nodes via a network (ATM) switch,
whereevents arefully recorstructedfrom varioussub-detetor
informations A successfulevel-3 triggerletsthe databe stored
in massstoragemeda.

Most of the Runlla trigger schemeemainssamein Runllb
with a few exceptions. The nonwedge geoméry of SVXIib
requiresa few modficationsto the existing (Run lla) wedge-
symmetriclevel-2 Silicon Vertex Trigger (SVT) hardware, for
comgete compdibility. Thesemodfications, however, have no
impad on the Runllb SVX DAQ design

I11. DESIGN AND FUNCTIONALITY OF THE BOARDS

MPC is a fine pitch thick film circuit laid out on 500 pm
thick BeOsubstratelt is compasedof 6 circuit layersmadeof
Gold and featureshigh thermaldissipationand long radiation
length EachMPC has5 transceier chipsfor cortrol signaland
clock receptionfrom the FIB andsilicon dataandcontrolsignal
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transmissionback to it. In addition, it corverts differential
signalsto single-endd, asnecessary andregenerateshe clocks
to drive the SVX4 chips.MPC is electrically comectel to the
@-side bus cable by meansof wire bords and to the zside
bus calle by mears of a flex circuit, calledthe Wing, soldered
to it. Anothe pair of flex circuits (pigtails) provide low bias
voltages for SVX4 opeaation, high voltagefor sensorandcarry
dataout of the chips. A total of 180 MPCswould be usedto
readaut layers1-5of the SVXIIb detecto. MPC functiondities
are embaldedinto the hybrids for the innermest (LO) layer

As mertionedin Sectionll, JPCfunctiondities aresplit into
two boardsdue to spaceconstraints.The power supply JPC
is responsiblefor providing regulated power to all the stave
componerts. The data JPC, on the other hand, acts as a bi-
directiona LVDS repeder betwee 5 MPCs and half of an
FTM. Several controlsignalsarefanneal out from FTM to JPC,
each of which are conrectedto two LVDS drivers in JPC.
The SVX4 chip has 3 bi-directional LVDS bus lines which
are driven in opposite directions during digitize and readat
operdions, using a cortrol signal. JPC usesthe samesignal
to cortrol its bi-directionaldrivers, ensuringtheir conpatibility
with the MPC drivers.A total of 52 JPCs(18x 2 for layers1-5
+ 8x2 for LO) would be usedto readou the SVXIIb detector.

FFO andFIB boardsareunchangedin Runllb DAQ design.
The FFO is a 9Ux400 VME boad which residesin slot-14
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Block diagramof the SVXIIb DAQ system.Also shaovn are picturesof real DAQ componentdrom a teststand.

of eachFIB subrack.lt recevescommarmls andtiming signals
from SRCvia G-Link andfansthem out on the J3 badkplare
for useby the FIBs. Like the FFO, the FIB is a 9Ux400 VME

boad, a maximun of 12 of which popuate a FIB subrack.
On receving SRC commandsvia FFO, it interpretsthem and
sendsclock sequacesto the SV X4 chipsfor initialize, digitize
andreadaut operatiors. It controlsdatareadat from the SVX4

chips, transfersdatato VRBs and the SVT systemfor level-

2 trigger dedsion. The FIB firmware has been modified to

acommodae nev comma clock sequenesin Run llb.

Thenew FTM is a9Ux 120 VME boad which mateswith a
FIB boardvia J3badplanein a FIB subrack An FTM cortrols
240 SVX4 chipsthrough 2 JPCs,eachconrectedto 5 staves.
It emdoys an FPGA to control and readait each JPC. The
electrical protocd of the front and back parels of FTM are
LVDS (JPCinterface)and TTL (FIB interface), respectiely.
Soa CPLD is usedasa level translatorto enalte the FPGAs
to drive the databus directly to the bakplane A local 53 MHz
clock is usedto realign datain the FPGAs, before being sent
out to the FIB, and also to readot data from SVX4 chips.
FIB commars are decaled in eat datachamel of the FTM
andthensentto 10 stavesvia 2 JPCs.Otherattractive features
of the FTM include remote programmimg throudh the VME
bus,loopback mode detetor dataemuation andlogic analyser
acessfor diagrostics.



The VRB, VFO and VTM 9Ux400 VME boardsare un-
chargedin Runllb DAQ design.Fundionalities of VFO and
VTM are similar to those of the FFO and the FTM in FIB
parlan@. VRB is a multiport memory designedto buffer and
filter datafor transferto online processorslit is capdle of
storingupto 12 events(programmale) which areeitherwaiting
for a L2 decisionor waiting for readot to L3. In CDF SVX
mode the VRB is controlled by SRC. Following a level-1
trigger acceptance SRC assignsa readait buffer numbe for
storageof incoming data. Several datacorsiseng/ chedks are
performed while data is being receved, e.g. pipe-cell and
bunch crossing nunber mismatchwith respectto the SRC,
datatruncation,etc. Following a level-2 trigger acceptancethe
SRC assignsa scanbuffer numker for the storeddatato be
transferredto a VME dataoutpu FIFO.

The SRC is a 9Ux400 VME board which coordirates
SVXIIb opeation and datareadait with the trigger supervisor
(TS) andCDF masterclock. It recevesclock signalsandbunch
crossinginformationfrom the masterclock andpasseshemon
to FIB for useby the SVX4 chips and for timing all the G-
Link conrections.On receving a level-1 trigger accetane,
SRC marks a particular pipeline capaitor of an SVX4 chip
(containirg an event of interest) and instructs FIB for its
digitization and readot. On completion marked by succes
statusfrom the FIBs and VRBs, the SRC clearsthis cell at
the next beamgap. The VRBSs return statussignalsto the SRC
indicatingwhenthey are busy readingdatafrom the FIBs and
whenthey are passingdatato level-3 processorafter a level-
2 aceptane. After compldion of all the taskspertainirg to
a trigger dedsion, the SRC returnsstatussignalsto TS. An
on-bard trigger emulata on the SRCis corvenient for DAQ
delugging in teststandervironment. Taking advantag of the
on-baard data buffering capalility of the new FTM, studies
are underway to allow the SRC to hande a level-1 trigger
accetane rateof 100 KHz, comparedto the presentate of 40
KHz. Thiswould be achiezed by usinga fasterSRC/F'M clock
for datadigitization, readingout a fraction of dataneessary
for SVT processing,in addtion to repladng present8 FPGAs
on the SRCwith a fasterand high logic capacity FPGA.

IV. VME DAQ SOFTWARE AND USER INTERFACE

In Run lla a Java-based framework, called cdfvme [5],
has been adgted for DAQ code development, operationand
mainterance It offers a corvenient way to createboard ob-
jects and link them togetrer into a complex DAQ system.
It employs a Fermilab version of CORBA (Common Object
Request Broker Architecure), ROBIN, for the board objeds
(clients), eg. FIB, SRCetc, to talk to VME crates(servers)
over etherné A Fermilab version of VISION (Versatile l/o
Software Interface for Open-lus Networks) library, FISION,
lets the actual boads in a crate talk to eat othe. On the
VME cratesMVME processors(68K or PoverPC architedure)
run VxWorks operatingsystem capdle of network-baseddAQ
operdion. Figure 3 shawvs a block diagramof the SVX DAQ
codeandits componerts. For corvenience,cdfvime framevork

ma ' SClient

ma  SrcClient

ma VrbClient

ma FibClient

0-00-0 0 6

Network Transport: ROBIN

Server code: VxWorks — C

PPC/68K compilers: Irix,
Sun, Linux, NT

Client code: Java
Java compilers: Irix,
Sun. Linux. NT

Fig. 3. A block diagramof variouscomponentof SVX DAQ code

is split into 3 padages, which are maintainel and distributed
certrally as Fermilabproduds:

« cdf vme_conmon: a paclkage which carries all the code
comma to CDF DAQ systems,definition of boads,
toolsto comhne basicboardsinto comgdex systemspase
classego write test programsand meansto run them. It
also provides a library of useful utility functions.

« cdfvme_tenpl ate: a padkage containirg templatesfor
VME board control, monitoring and testing. Thesetem-
platesprovide code structure for easyimplementationof
board-speific sener-side (C) andclient-side(Java) codes
andlink themtogethe. For example, the core SVX DAQ
package, svxdaq, is derived from this padkage which
implemerts the whole CDF silicon DAQ boad assembly
and the client code for driving HistoScee the online
histogrammingpaclage.

. cdf vne_teststand: a paclage containirg templateuser
interface codeto implemert, manipuate and run a boad
systemderived from cdf vire_t enpl at e. For example, the
svxii packae implemerns a test standfor the svxdag
system-of-boardsandis in usefor all Run Il silicon test
purposs.

The userinterfaceto svxii is highly corfigurade, making
useof a setof ASCII config files. One of its most attractive
featuresis that it lets direct access/manipulationof VME
registerson the constituentboads for diagrostic purposesA
Fermilab-deelopedgraptics padkage HistoScee, is employed
in svxdaq package for visualization and customization of
online data.For Run llb tests,an SVX4 chip classis creata
andintegratedinto the svxii padkage The modified cock lets
useof SVX4 chip systemsn demand and maintairs badkward
compmtibility with the Run lla usage Figure 4 shavs a GUI
parel for corfiguration of a seriesof SVX4 chips.
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Fig. 4. A Java-baseduserinterfaceto SVX DAQ system

V. AN SVXIIBVME TEST STAND

All theprototype boadshave been comhinedinto aVME test
standandopeatedusingthe modfied DAQ software. Utilizing
the SRC on-boad trigger emuator, this systemworks well
in variols modes of opeation of the SVX4 chips, namdy
deadimeless, read-all, sparsificationand real-time pecestal
subtraction Figure 2 shavs picturesof this setupin ope&ation,
which lets various dete¢or and DAQ compaments, namdy
hybrids, silicon sensormodules and stares, to be testedunder
almostreal condtions. A HistoScopeonline display is shavn
in Figure 5. The red (uppe-left) histogram shavs average
pedestal distribution of 4x128 chamels of an SVX4 hybrid.
The bumps correspad to the injectedchage The blue (lower
left) histogramshavs chamel-by-ctanné measurechoise.

V1. A PCI-BASED DAQ SYSTEM

The PCI TestStand(PTS)[6] is aninexpensve andflexible
DAQ system,developed to test SVXIIb detector commpnens
during production. Its designis driven by the necssity to
build several test stationsto test the compmentsquickly and
efficiently, soasnotto slow dowvn the assemblhandverification
tasks.Flexibility is alsoimportantbecaisenen waysto study
the electronis areconstantlydevisedandmustbe implemented
quicky for optimd progress.

The PTScorsistsof a Linux hostcompuer andtwo special-
ized boards,a PCI Test Adapter (PTA) and a Programnable
Mezzanine Card (PMC). Figure 6 shows a pair of PTA and
PMC cardsready for installation into a host compuer. The
PTA contairs 2 Mb of on-bcard memory a PCl interfacechip,
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Fig. 5. A HistoScope(online) display of a pedestakun with internal chage
injection

an Altera APEX EP20K200E FPGA, and conrectorsnealed
to attachthe mezanine card. The PMC hasa Xilinx Virtex
I XC2V1000 FPGA which supportsa large numter of 1/0
standard, such as LVTTL, LVCMOS, LVDS, bi-directional
LVDS, andDDR buffering on morethan200 pins conrectedto
I/O healerson the PMC boad. A 50 MHz crystalprovidesthe
timing reference The Virtex 1l alsohasa small progranmable
RAM which is corvenient for storing conmand sequaces
to be sentto the SVX4 chips. Signds may be progammed
individually by direct register writes unde computer cortrol,
or they may be clocked out of FPGARAM at high speed The
former tecmique is usedfor initializing the chips, when the
synchronizationof the readbak of the initialization bits is not
guaanteedby the SVX4 chip. Acquisition, digitization, and
readaut are accanplishedwith high-sped sequening of the
cortrol pattern,andthe dataare synchronizedwith the OBDV
signalreturningfrom the SVX4 chips.

The control patternsfor the SVX4 chips are encaled in
easily-editale ASCII files which are parsedon the compuer,
andthenloadedinto the Xilinx FPGA RAM. A signalis sent
by the computer to execute the patternonce Data receved

Programmable Mezzanine Card (PMC)

PCI Test Adapter (PTA) Card

Fig. 6. A pair of PTA and PMC cards



from the SVX4 chips are latchaed in DDR buffers and sentto
PTA RAM. The computer thenreadsthe databadk from PTA
RAM at PCI bus speedsAn option allows an acquire pattern
to loop indefinitely until an externd trigger (which can also
be simulatedby a computer write to a register) arrives, upon
whichthedigitize-andreadoufpatternis sequened,andcontrol
passedadk thento theacquirepattern.The PTSis corfiguralde
to test single chips and hybrids by directly conrecting 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-basedgraphic userinterfacesoftware padkage
(ROOTXTL). Most of thededicaedtestsavailable in the VME-
basedDAQ systemareimplementedin PTSandarefunctioral,
namdy pedestalreadbak, noise measuremat, scan of cali-
bration signal strengthto measurethe gain, bandvidth scan
and a dealtimelessscan.Resultsof dealtimelessscansfrom
staves using PTS have beenpresented?] in this confaence.
Figure 7(a) shavs the main DAQ parel capdle of executing
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Fig. 7. ROOTXTL user interface shaving (a) Main test panel, (b) Chip
initialization paneland(c) global task button panel,aidedwith a pair of DAQ
progresshars

multiple testsin a batch-like mode.Figures7(b) and(c) shav
SVX4 chip initialization parel and a global task button parel,
respectiely. In Figure8 resultsof a gain scanon anSVX4 chip
is shavn. In the uppe graphaverage ADC courts are shovn
as a function of the input calibrationvoltage, set suc@ssvely
using a DAC, over the 128 channels of an SVX4 chip. The
lower graph shavs mean ADC courts averagedover all the
chamels.A fairly linearresponses seenover mostof theinput
voltagerange

Both VME DAQ and PTS save the acauired data into
ASCII files in an identical gray-oded hexadeémal format.
A setof ROOT-basedGUI classeshave been developed for a
detailedanalysisof the data,and more importantly for cross-
comparisonof resultsfrom the two systemsWithin statistcal
error, resultsfrom both the systemsarefoundto be compdible.

VII. CONCLUSION

In this pape, we have compareddesignof the CDF Run lla
SVX detector with that of its propasedRun IIb succasorand
have outlinedthe upgrae path adgtedfor the VME DAQ
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Fig. 8. Gainscanof an SVX4 chip. (a) averageADC countsas a function
of input calibrationvoltageover 128 channels(b) Y-projectionshaving ADC
countsaveragedover all the channelsvs. input voltage

systemto meet requiremats of the new ervironment. We
have then explained implementéion of these modifications
involving changesat both the hardware and software levels of
the DAQ systememphaizing the componerts being upgaded.
A test systemis establishedincorpording all the upgraled
componeris andfound to work well with the SVXIlb detector
commnerts, thus meeting one of the foremostgoals of the
new system.A PCl-basd DAQ system,developal to provide
a simple testing grourd for the silicon detector and DAQ
compneris in the prodiction phase, works well and features
mostof thefunctiondities of the VME-basedfull DAQ system.
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