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Ahswaet II. DE_ON _ TESTING OFTHE DAQ
MODULES

The SVX data acquisition system includes three
emmponents: a Fastbus Sequencer, in SVX Rabbit Cram _ bzm_ have been.developed in ldmSes, mu/
Contmikr md a Digitizer. Three modules m _ _m tmoums of time weze spent for checkout ht each plume.
the CDF DAQ system and _ the readout chitin. _ Vmimm tests have beta performed asing spedfied test
results of thz. eztmmive fiatatimml tests of tlm SVX modulcs programs. _ dmages iadiaaW.d by the tests have beta
are repotm_ We distress the _ of the Sequencm_ is_haded in the design of the _ before thz next Re:axion
systmngtic differences between them snd methods of wm msdc. _ the _ w_ beia8 _ nzw
syadmmni2mion with the Tevatron beam crmsiu_. The w_e_ma used far the _ ofpmbtmns.
_ AI_ cal_nlkm _ nm on themi_ A _ dma'iptiaaofthe dmip of the.SVX DAQ readout
is_ Tim,r_a__codeuudfor,t._takis_msd componmsts is pracnmd ht mother conttilmtion to
SVX chip _on modes is dmaibed. Meumlmm of conf=enct_3]. Hat," m_ a brief smnmm_, rekvmt fm-the
thcSVX__tin__ _mminimi_ afthc systc_ is_ Sonw oftlw ung

oftl_ _ ofth© _on oftl_ _ arc
I. INTRODUCTION _ fureach ofthe m_

Wediscusssomespecificmpecuof theoperation,*'thc A. __
nmdmn mmpommm oftlmSiliamVertex_] fortlm
CDF_2rum ThcSVX DAQ syst=uttmtdla46,080 chmncls Tlm Soqumsc_ consists ofa 16K data mmm_, a 16K
divid_ into 24 ta:toN. This msmber represems a 50% pregrma memory,a _qu_ chip with

over the number of CDF dmmwb in the last ran. mndizional control logic, and a 100 MHz clock The clock
_ sector is read outwithin a limitedtime detenniaed by the _xlma_ is _ by 8 m _: the 80 m.penod ded_ wh/zh
other CDF subsystems. The hardware modales include a drives the execution of microinstru_ons. Each
Fastbus Sequencmr, m SVX Rabbit Crate Controller and a microimmmtion has three logic scmimm; control of the
Digiti2m,whidahavebeendmignedatFetmflab, pattern, control of the SVX Rabbit crate and control of

Ismhsdedm_ tlm_ ofv_ious testa used to qumtify the mimmcquenc_. Tlm first of them defiaes timing signals reed
l)Ctfotmmmeof the syst=u msdtlmmcttm_ by which tlmDAQ by tlm SVX Rev D _ circuit [4] (SVXD), strobe
modales have beea impkmtmed mm the rem of the CDF signals to case the _to ttmh data from the front end
control system. Event data _e _ stared in the intn its dataregisters, 8mt the stare of two sets of four
Sequme_s memory _ an then trmefetredto a Slm Scmncr a_esm_le through fronttmael Lemo _emms. The uhmiag
Proca:ssor[2] (SSP), a stsmIRd _e_ to the CDF Dm md _ signals madone set of front ps_l output s/gna_ m
Acquisitimx Differtmt sdmmcs of reading mad_ the _ off apsttm_ clock which is framed by delayingthe nu_
eventda_be _alm_withtheu:amtimmofeagh. clock Ave_ti__toconlrolthe_ofthgdelay
Thccah'brafionresultsforthcDi_sw.i]]bediscussed.A ispmvi&_dby3bitsofthiswort£ Thme_bilsmsdthcothcrset
descript/onof otherrearm'csof themoduleswhichwere offmatpmml signalsme timed by timmmnclock.Thesecond

toenhancethep_fommme ofdm resdoutwillalso sectionsendsdrumandmutrulsignalstotheComrolIer,sndis
be mclmle6 reed by the mm clock. The thirdsectionammels the order

inwhich the microsequcnc_ executes these imtractions;
specifying the br,rechaddress,the condition code, aut the *-bit
microtnsmmtion code. The states of 32 conditions ase
availablefor tnnch control

The dam space is divickd into 8 2K blocks. There is an* Ol_rara_by theUniversitiesResearchAssociationumler
End Of Block(EOB) r_isterassocmmdwitheachofthree

ContractwnhtheUS I)etmrmmmof Encr_. blocks. When data words are sent from the front atd, the



w

Sequencer directs the clam to the next open location in a mulliplc times to damuinc lhc vm-i_ou. Of particular
pmliculmr block bmcd upon 3 bits of the dam words, md _ was the 43-_on timm_ since this is lhc length of the
the address to the msocmted EOB rt_istcr. The Sequencer can SVXD chip reset mui _on cycles, which dmnmd high
be read out by Fastbus block read of one ofth© Event Memory stability in order that the voltage offset produced by the
blocks. When the EOB content for that block is reached, a _on oflcak_e cmrem can be accurately subtracmd. Tlm
Fastbus SS----2code is generated, and no more data words are result of this test is shown m Fignr¢ 1.
scat by the Sequencer. We also measured the stability of the pattern clock and

The ¢mrfimtsta_¢ m tcsti_ the Set_cucer was to run tests found that it wasas stable as the main clock. This is to be
to identify design problems and errors in smffin8 the board, expected, since any instab/fity would be due to the vernier
To this end, a mtmu-driven program wrimm in Fortran, called delay chip and was found to be small However, we still had to

SVX Control[5], was designed. It allows commmmcmicu with measure what the mat_imde of the delay between the two
the Sequencer from VAX through QPL using CDF Fastbus clocks was for each of the eight possible setting. These
Immitivmo Rzads, wrims, andcomparisomtoallrcgistms, m vahumarelist_i-Tabl©l.
weil as the _ons amom_ relaters can be checked by After vczifyi_ tlmt ¢Kh of tlm Se_lttcmcmn s¢pmmely had
selccti_ mtommcd test options. Microscqumcer tests can also acceptable timing stability, it was _ to dettzmm¢ tlm

be selected, along with tests of the front panel mdirator lights homogeneity of the timing amo_ the four Sequencers plus
aad vm-ifimtion of restrict_ or undefined CSR registers, spin-es that would be used m the whole system. While the
Additionally some of the Sequem_s write data cables could be _ous test allowed the immmal clock to run continuously,
connected to read dma inputs to test the int¢_ty of the front this test provided a common start clock signal to all four
¢=d erm¢ damhmdli_ capabilities. Soquencez3. The differmce m the time betwem the sendi_ of

the sum signal and the arrival of two different Sequ_cers at
lc_ __ , , ins_on 43 is shown m Figure 2.ml
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Fig. l. Main clock stability. 0.9 1.1 1.3 1.5 1.7 1.9 2.1 2.3 2.5
Table 1

Typical delay between mmn clock and the delayed clock for Tim© Differmce (ns)

eaeh vermer setting Fig. 2. Time difference for 2 Sequencers to execute 43
_OnS.

vernier measured d/fferenual

setting delay (ns) delay(ns) B. Controller

0 30.80 3 71 The Cont_ller tramlams fum:tion codes f_m the Soqtmncer
1 34,,51 5.53 and drives the SVXD timing signals onto the SVX Rabbit
2 40.04 4.18 crate backplane. It can be directed to write or read mdividnal
3 4.4.22 4 88 Digitizers, or atl Digitizers in the crate. The Priority Rue
4 49.10 6 47 coming fixan each wedge to the Disitizcr is sent to the Rabbit
5 55 57 3,87 crate backplane. While scannm8 the Di_tizers' front end data
6 5944 5, 16 registers, the Controller interprets this signal as an indication
7 64.60 of the presence of data in at least one Digitizer. h also contains

registers that can be used to mask Digitizers or hold the data
ARer theboardwas debugged,thenext smp was to testthe ]ines m a DC state.

timingstabilityofSequencerinstrucuons.The umc requn_d The Controllerisresponsiblefor sendingtwo control

to cxccm¢ a fixed manber of instructiom was mcasur_ signals to the Sequencer: Read Done and Data_Ready. Ifth¢



• P,_d Don© signal is low, it indicates that lhc Connmllcr is DACs used as inputm lhc ADC were contained in the ranse
ruad/ngdata kum the crate which will soon be sent to lhc between 0 madI LSB, md/caz/ngthat the offset and _ have
_cer. In this condition, lhc Sequencer w/J/not accept been coacc_ selected andthe d/sitiz=d values areequal to the
any signals from other elcm,_ts in the system. While DAC setting within I LSB. The average value of lhc error of
Rc_d_Done is low, lhc signal Data_Ready may be scs_ This the individual settings was found to be less than 0.02 LSB
i__ pulse that latches lhc dm on lhc Linesmm the Sequ_ce_s _ _ _t_ of the converters.
EventMemory.When Read Drumgoeshigh,itm_-mems the Therewillbe more than24 Digitizersusedm thefull
SequetmeesEventMemory AddressCountersothatthe.'textreadoutsystem,ltisveryimportamthatallofthemoperate
datawordreadwillgointothenat datasptmelocation.Tk_ witha similarprecision.Based on a compPrisonot the
alsoiadi,me,thattheControlkrisnow assertmSthe prioritymem=emems ofoffsetsendga/mof5 Digitizer,moduleswe
linesfromthe_. confinncd l/ncar/tyaddstability ofthesystem.

By _ data to the CoaauLla's registers, read/n_ the
databack, and check/rig tlm dalnspace locations to which tlm IT[- SYSTEM IMPLEM]_ITAT[ON AND OPERATION
datashould have be=s wr/am, we are able to s/mu/tamcously
test the functioning of est Comroller n:gistas and the _m/ng
oftheRead_DoneamiData_Readysignals. Otherfeaturesof A. Event Acquisitwn
the Conn-oller, such as its ability to mask off selected

Digitizers or hold the data lines in a DC state, are tested in The design of theSVX DAQ systemwas determined by
symphonywith the Digil/zcr tests that follow, two major factors: lhc m'uctm= of the SV'X detector and lhc

mchitemmmofthe_ist/ngdataacquisitionschemem CDF.
C. __ The SVX will increase the _ number of channch in the

CDF DAQ by slmut 50"/,. The SVX detector consisu of two
The Digitizer board picks up the SVXD timing signals idenlical barrels,which comain fourcoaxial layers of silicon

fromthe bsdtplane and dzives lhem to lhe wedge to which it is strip dmecton that an: read out at one end by the SVXD
ommected, lt contaim one 12-bit atmlog to digital converter chips. Each layer is divided into I2 30-d=gree sectors
(ADC), which accepts signals fimm the d_-tectorin the range containing 1920 channels, called wedges. Each wedge is
between .SV and -SV. It also has three digitsi to analog
converters(DAC). Two of lhc 12-bit DACs provide charge '--'_-- _ ,
injectionfor the _. The third DAC is used to subtracta I
given offset from the analog sisnai frum lhc _, which is , ' - i

in 0.625 mor=n_ts. Fhtally,thesigaalisdigitizedby the , L _ Ij ,-_-L,-7-' ,_ , _ , - _ I

ADC andlaw.h=dmm adatar1_gsm'.Distalsilgmlsreceived _ ._ _ _ __m_..from the wedge, such as hit position, are also _d into the
datar=gi.m_. To ear& data word sent to the Controller, the

The _rst Digitizertests,which also were amomatedm the :_
SVX Cotmulenviroument,werewnre.read.andc.ompanson >'"'/_') ,_'_".-'--,_• '_ \ '

ofdataforaLIle;_. R_is_=rs could beaccessedeither_.'. . , _
throughFastbm writes to addresses mapped into the " "'" "_ {

Sequencer's CSR space, or through execution of _.. ii II _'"_
rm_zoscquen_-rFro_rsms _ the 32-bi_ wide front end mm: --- "--____ -- ._- _.-.
controlre_sters..Fmmtionmdm sent tothe Cmmullercan _ _'-

callforaDisitizertobeaddrmsedindividmdlybyslotnumber. Fig.3. SVX DAQ SystemDiagramofas partof a scanof alllhcDigitizersm a _-ate.All
combinations of these featares are selectable from the

conneeted toa Di_=r module. The SVX data acquisitionSVX Control te_ menu.
- drain and its integrationwith the existing CDF DAQ system
Thepm_essof understandinglhccaLibralionof theSVX isshownin Figure 3. TheDi_tizersareevonlyd/stnbutedin

readout _stem bega_ with the tests of the ADC using the 4 Rabbit crates mounted on the CDF detector. Each cratehas
voltage generated by theon board DACs. The offset and gain oneController module which interfara_thefi'ont end systemof the converte_ have been trimmed to the minimal values.

with the FastbusSequmcermodule in the c,ounting_morn In
The difference between the average digitized value md the order to minimize the event readout times each Sequencer
DAC setting as a function of the DAC _zug was checked, modnie is operatedwith an accompanying SSP scanner in a
As an input to the ADC we selected each of the three available sep_ate Fastbus crate. Ali SVX Fastbuscrates are connected
DACs.AI/datapointsl/e onswai_tLinesmdi_tmg that the
ADC and DAC operatem a Linearway. The differencestoasinLdecablesegmentm aFanom crate,ltshouldbenoted
betweenthedigitizedvalnesandtheDAC settm_forallthree



that the SVX data from the next nm will not be mchaded in the A compact data format was used to describe the digital and
Level 1 or L,wel 2 trigser algorithms, digiti2ed analog output from the SVXD chip. Each hit is

The architecture of the current CDF DAQ _tion descn'bed by one 32-bit word. The lowest 12 bits are reserved
system is described in detail elsewhere[6]. A brief description for the ADC information, and 4 bits are not used in the
of the components which are relevant to the integration of a lower half word. In the upper half word 7 bits are used tor

new silicon tracking device will be presented. Most of the decoding the channel address. 4 bits are used for the chip
existing tracking detectors m CDF use the SSP. The identification number and top 5 bits are used for the crate and
scanners cen buffer up to four events m their memories. A Digitizer nmnber descripUOm. The 16-bit control registers are
Fastbus module called the Trigger Supervisor controls the read from the Digitizer or ControLler modules using the same
operation of the scanners. The Event Builder, a custom format and the chip id bits all set high. Data from aU the
desisaed Fastbus module, reads the data from the scantmrs and Digitizer and Controller rebaters are read out and appended to
sends them into the Level 3 system. The Buffer Manager the raw data for diagnostics and calibration purposes.
manages the data flow between the scanners and the online
mmpea_. B. Sjn_kro_n with the CDF DA Q

A process called Rna_Control performs event readout,
det_or calibratiom and hardware diagnostics. It controls the The 53MHz CDF Master Clock generates timing signals
data flow and manasement ofhardware devices. _ correlated with the bun_ crossing times. The signals are
"consumer processes" access the data for monitorm_ called Clear&Strobe or C&S, Start C&S and Stop C&S.
diagnostics or data analysis purposes° The cah'bration of the Their edges sre taned with the 1 m resolution relative to the
subsystems takes place between the runs and is performed in bunch crossing. The Master Clock is synchronized with the
two modes: D Mode (data taking) or X_Mode (scanner based). Tevatron Marker once per tmax One turn takes 1113 clock
The cah'bration data are stored m the CDF calibration data cycles or 21 gs. The Tevatron operates with 6 bunches
base. alternately spaced by 185 and 186 clock cycles. The C&S

Upon receivi=g the Start Seam message from the Trigger signal is sent to the Gate Selector md the Start C&S and Stop
Supervisor each scanner begira ememmon of the code and sets C&S signals are sent to the TS module. From the Gate
a Do_e signal on an _ _ to a losie_tl fahse level Selector the C&S signal is sent to the front end devices. At

The Start Scan message is written into the CSR address JlllllllllltlllllJllllllillllllllllllllllllllllllllt[tl II[llllllllllll
SOOOOOOEand carries mfotmanon such as event nmnb_ and

sons J,_tr _ m
internal buffer number to which the data are to be written, sc

,onto. Do. to• ;U.
logacal level true. This is a signal that the event is stored m i !
one of the four buffers and the smmner is ready to be read out _mMcram I I
md to a_u:pt the next Sum S_m message.

I
The algorithms for the readout of the SVX Sequencer ___ Ii l

mcinde data acqu_uon e_t data uth'brmon modes. During i i

dma acquismon amd D Mode _h'bratiom the SSPs read data om __-- j :
from emch Sequencer's buffers until an SS=2 code is returned. I t
Then a check is made between the number of data words 771,,, -, i
transferred and the actual number of words written to the _ i _ l
Sequencer'sblock. In case ofa _ an ='ror condition is : :
reported to the system. The raw data words are then sent . .. I 7-_ I

du'ou_ the DAQ chain and are wriam to disk _ Li _ _i1.Y'A_

In X Mode calibration the raw data words from the ! iQ

Sequencersare sent only to the SSPs. In the Runtype Database _ I I
the number of tnggers and the valnes of charge injection are '_ 4 _' i
stored. Prior to start of the cahlmrmon task the Run Control _ ---- : _.

program dowtdoads these values into the SSP For each Fig. 4a. Synchromzation of the Sequencer's operations withchannel the scanner accumulates the sum of ADC and
the SVX_Sync signal

squared ADC counts as well as the number of events read.
After collecUonof the predefined number of ruBBers, the data

the Gate Selector the C&S si_l is _retied off by the s__nmlaccumulated by the SSP are sent the rest of the way up the
produced by the TS of the Start C&S and the Stop C_SDAQ chain to be _er anaty-zed by calibration consumer

processes.The nextsetofvaluesisthendownloadedtothe signals.The TS modnle generatesC&S gatesignalsuntila
Level 1 Accept signal is received. From this moment the C&S

SSP and the process repeats until all desired settings are
Gates are not generated. Upon arrival of the Level 2 Acceptexhausted. This method of calftn-ation runs much faster than

theD Mode becanseltre_ thenumber ofdatatrmsfers signala StartScan message isgeneratedand afterDone

and uses the computing power of the SSP. signals are received from the scanners the C&S Gates are



to be generated at the LRS4222 by control of a Sequencer's Sequencer's Event Memory to the SSFs buffer. In other words
• signal called Inhibit Clocking dm-ing the threshold cycle, it is the time between the broad,umr ofthc Start Scan message

When the threshold is restored, the synchronization by the TS and the moment the TS receives the Done signal

me_zanism is enabled _ from a scanner.
In the next st_ a test is done of the Level 2 trigger The Sequencer scan timeis proportional to the number of

d_,cision by checking the Start Scan Latch signal Its hits multiplied by the sum of the duration of the basic chip
presence inmates the readout cycle and its absence dizects data cycle, called I-I_o, the response of the front end mochfles,
control to the synchronization subprocess. The Start Scan signal propagation delays and the time required by the
Latch signal is automatically reset when is it checked by the Sequencer to check if the scan is completed and all the data are
execulion of a conditional branch microseqnencer _on. read out from wedges. The Digitizer has two types of data
Dm'ing the readout cycle the synchronization mechanism is registers where the digiuzed values are stored. The tint
disabled again until the cycle is finished. To mdicm¢ thax register, AO, is called the scquential dam register. It is
readout is finished, the Sequencer sets a particular bit m one of operated in a sequence where each _ cycle is followed by
its CSR space registen. Since the SSP continually polls tlm a Read Done condition check before the next 1TsLo sequence is

registeraikrsendin_theSt_rtSc_nmessage, itwin_ generated. Thedurafionofthistypeofareadoutcycleinchules
the signal and begin to read out the Sequencer within -2_ts of such components as cable delays, ADC conversion time and
the bit being set. For non-triggered events, a separate arate scnm time. The second register, Al, is called a pipelmed

integration cycle is performed m the very next data register. It is operated in a sequence where a I-YtLocycle
Start_Clock/Stop_Clock cycle, is followed by the crate scan in.qruction and followed by

mother I'KLo cycle, before the previous scan is completed.
IV. INTEGRATION WITH THE SVXD CHIP Thcdm-mionofthepipelmed readoutis determined mainly by

the length ofthe HiLo cycle phm a small overhead associated
The SVXD chip is operated by selection of specific with checking if the previous scan was finished and all the

swiw.h _m_ sequences generated by in ¢xtmml source, eg wed_ dm were read out.
the Sequencer. The Sequencer's pro_wms are written m Measmwnents of the Sequencer scan times have been made
I-KLevel Assembly Lansu_e Environment (HALE) macro using a 6-chip car board and a 15-chip wedge struc_e. The
meta-assembler. Separaxe modules as shown in Fig. 5 were front end components were read out m the pipelined and the
compiled and linked together to form microsequencer's normal modes. The tRLo cycle was selected to be equal to
programs. The structm'e of the code used for an event 2.08gs when reading the Al register and 2.24gs for the
acqmsition, which includes pedestal, charge injection, leakage register AO. The small difference between the dmation of the
current mmmormg and thrmhold detm'minmion, ts described m HiLo cycles reflects the opumization of the pipeline readout
another conm'bunon to this conference[5], code, that was not possible to be implemented m the normal

After verifying that the comm,mication mnon 8 the readout mode_ The total length of the I-Y_o signal was selected
Sequencer, Controller, and Disitizers was fully functional, in to accommodate the chip response time and the risetimes of
the next step the Disitizer was connected to a Pm't Card[l ] and signals on the cable. The scan time values that correspond to
a set of SVXD chips. It was confirmed that the lnning sisnals two methods of readin_ the front end modnles by. the Sequencer
are being driven out the cable and the aliBita1and analog data for different nmnber of channels are presented m Table 2. The
_om the SX_LXDch_s are being latched into the Digitizer difference of the scan times corresponding to the time needed to
registers correctly. It was also verified that charge injection read out one chromel was understood m terms ofthe 250' cable
DACs met the specified output range and the Priority logic is propagation delays (800ns), A.DC conversion cycle (500ns),
handled properly. Once this integra_on step was satisfactory, a crate readout time (10Ons) and the length of the HiLo cycles.

Di_'tizer was connected to a ladder strucum: containing the Based on these numbers an estimate of the readout time of a
SVXD chips nncrobonded to silicon detegtors. Cah_ntion crate with 6 DigiUzers was made asraxnm8 even occupancy.
data were taken and compared to similar data taken with the The values which correspond to 100% and 40% occupancies
old Camac system. This verified that the components did not with 1 Digitizer m a cram are the measured values. The other
introdu_ additional noise into the system, v_u ,._"_ of the Sequencer scan times were found by

extrapolation. In case of the pipeline readout method the scan

V. SCAN TI2v_S times are independent of the number of Digitizers read out.
This conclusion is valid only if the I-YtLocycle is longer than

One ofthevery,importantconstraintsimposedon theSVX thesum ofthe cabledelays,ADC conversionand thecrate

DAQ systemisthe2 ms limit on themaximum scantime. readout times, as will bethecasefortheupcoming run.

The problemisnoteasy.tosolve m a systemwhich consists The timerequiredtomove datatotheSSP asafunction

of 46,080 channels.The proposed solutionis based on ofthenumber ofhitscanbeparmmetrizedby a linearformula.

partitioningtheSVX channelsintofourindependentlyread The offsetrepresentstheSSP overheadbeforethedam transfers

branches (see Fig. 3) The scan time is defined as a sum of begin and the time required for making a Fastbus connection
two components: the time required to read SVX.D chips m six between the modnles, multiplied by number of blocks to be

wedgesby theSequencerand thetimeto move datafromthe readout.The slopevalueisa prodnctoftheword transfer ram



restored. '[hz C&S signal is used by CDF subsystems for 4). The signals: Ra. Rb. Rc. Rs conerol the reset and

synchnm/zation purposes as well as an rod/cation of the LI integration operations in the SVXD chip. The BX vertical
eris_r decisiom, lines ind/cate beam :ossms times. The SVX_Sync signal is

,,,,,,,,,,,,,.,,,.,,,,,,,,,,,,,.,,,,.,,,,,u,e,m,,,,,,,,,,,,,,,,,,,, s_t to a LRS4222. a prosrmnmable delay module to generate
Start Clock and Stop_Clock signals. These signals control themss u"-C_ I _ m --

, _ _011 of the ScqlI_:Dc_as _ clock. T_c rc_i_vc l_Dc_x_s.= • ,q . difference selected m the LRS4222 is _dto guarantee thaz

s,_c. "1 :i :_ -U ! the same number of ins_ons axe executed between the
, : beam crossings. The moment at which the synchromzation

s...a.[I l -LI '• process takes place will be adjusted to a specific panem of theI I I
am ........ tinfi_ signah. It is p(mm'bleto implement a scheme where all

I i the Iramilimm of thz _ on _= SVXD c_k'-pare timed
I I I off the samc edge of the _on signal The

- , i oftht, wm,asmss in XL .
m_ _..j ' I i j '_ In Fx_rc 5 an example of the miaroaequencer program

: block ¢fiaglwn is presented, performing sn event acquisition
: " during the colfidcr mn. The program stm'ts with the

7 I = l l I L• . downloqud_ of the chip nn-"_xxs to the chips' memories and

F_,.4b. Threshold restmafion process asynchronous to lhc readix_ them b._ for the diagnostic purposes. Tiffs part of the
beam crossing. The dashed lines show the time periods where gognun is excmuzd only once. Then the Sequencers clock is
the C&,S was gsted offby thc TS. shut off, wailing to be synchronized with the next beam

m_namg. Alter receiving the Start_Clock signal, the Partial
Reset procedure is exectaed in which only the chip _rThe openaion of the SVXD c.tap is performed by an

ensemble of timing signals gmmltcd by the Sequmumr module is reset and tlm events sampled in the pre_ous crossing are
in phase with the bm_ crossing rimes regmd]ess of the kept on the Ssmplc&Hold clpaciwr. Then a check is made
uneven spacing of aRemate bunches. For thLs reason the of the level ofthe C&S signaL
Sequencer h_ to be synchroni2¢d with every beam orossmg. The presence of the C&S signal is an indication to
The method aL_o mtrfirni,¢s the impact of the jitter of the integrme a new sample, When the integration cycle is finished

._ eventSequencer's internal ciock on the precise liming of "_• the Se_s internal clock is stopped by the Smp_Clock
and threshold integration times. The existing C&S signal signal _ the sTncbromz_mcrn with the next beam crossing
provides this functionality but its timing was tuned to the takes place. The following StarLClock signal enables the

of the calorim¢_c subsystems. The operation operation of the imemal clock agata and the Pmiai Rmet is
of the SVXD chip requires longer times prior to the pczfonned. There aze 43 80 ns microscqu_c_'s _ons
_bo24nnm_ of The integration ¢y¢1© than tlm calorimeter. For exeoated between the Start_Clm:k and Stop_Clock sequence.
this reason a new synctn-oniza_on signal caUed SVX_Sync, The total number of instructions in thai cycle is shared
is generated by zhe Master Clock_ The SVX_Sync ts related between the Partial Reset aud the hxtegr_on mbprocesscs a_d
to the next beam crossing and is generated shortly after the the exact rmmbers depend on a particular implemenmnon. In
prcvmus crossing, one of them the mte.iTation time reqmres 19 of these

instrucUons, and low noise c,on.slraim.s applied to the reset

_._ "_/_..._._- - p, " -=."\ " operation demand another 22 insm_us. In the remaining

-____ _'// I two instructions the Start_Clock and C&S signals arechecked. The Sequencer's ability to select and check the
separate ccaditiom ca each microsequencer iasmumon allows

1 _.__ i _ 7 " F _ i The absence of the C&.S signal rod/cares thaz the event
i _ i L',_ _ _'--_ storedduri_ the previous mossing passed the L1 Irigscr and

I "-='= _ _ -- 1 ! the event may be prepm=d for readout In this case a check is

! /_ _ , done of the miaosequencez's Process Flag which ensures that

,i _ I _---" F-.---i cvenL The event sampling and the threshold cycles must be
I mm--- _

i I _. excctned with the furl knowledge of the beam crossing. In the
! ' i _ fi_t case the beam crossing should appear inside the
, , . , , . integrmon window and in the second one the mte_ration must

be performed between the beam crossings. The threshold
Fig. 5. The SVX DAQ Block Diagram restoring subprocess, shown m Fig. 4b, requires two beam

The process of the Sequencer's synchromza_ion with the crossings to be performed with the consumints defined above.

beam crossmg is performed m the foLlowmg way (See Figure The microscquencer program inhibits the Stop_Clock szgnal



__nd the number of wedges. Based on the measurements of the multiplicity, noise fluctuations on the threshold senmgs,onnection time and the word transfer rate, we expect for 6 number of low momentum spiral tracks and beam gas
wedges the offset to be 140 Ws and the slope to be 1.2 txs per interactions. Simulation procedures for ali these processes
6 words. In Fig. 6 and Table 2 the results of the don't exist at this time, but we estimate, that the average
measurements of the SSP average scan times as a function of occupancy should not exceed l Oa/oof channels. We also
the number of hits per wedge are shown. The scan time is expect this number to increase slowly as a function of the
defined as the length of time that the SSP Done signal is in absorbed radiation dose by the detector components, mainly
the false state. The measurements agree with the estimates and due to the increased number of noisy channels with high
c,onfitmed the transfer rate of 200 ns/word, leakage current value thatwillrest,_

If the total scan time exceeds 2 ms, there is an alternate

Table 2 scheme in which the SSP issues Done signal to the system
when an event is stored in the Sequencer's memory. While the

Predicted (Plato) and Measmed (Itahc) Values of the Sequencer SSP moves data from the Sequencers memory, the
and SSi' Scan Time_ [ms]. miarosequen_ can execute _ mtegrmion cycles to acquire

Oom- Sequencer Scan Time SSP new events. If the Level 2 trigger arrives before data are
pancy Scan moved from the Sequencer the event can be gored on the chip

Time capacitors. Application of this method reduces the total scan
I AOReadout Al Readoa time by hiding the scan time of the SSP. The number of

1 Block 6 I Block 6 6 chatmels which c_mbe read within 2 ms is equal to 30e m the
Blocks Blocks Blocks first scheme and 50e m the second one.

10% 0.81 0.91 0.41 0.41 0.36
-20% 1.53 1.72 0.81 0.81 O.J9 VI. EXPERIENCE FROM THE DEVELOPMENT AND
40% 2.97 3.35 1.61 "1.61 1.04 TESTING OF THE SVX READOUT ELECTRONICS
100% 7.28 8.24 4.02 4.02 2.40

Design, prodnction and integration processes of the readout
system of this scale are major tasks. They involved the
_tance with the detector geometry and the architecnm: of
the CDF DAQ environment. The first task was to prepare the2s_

. specification followed by the design of the readout
" s components. The boards evolved _Arough as many. as 5

revisions. Each revision offered the possibility of making
am- changes to the design and adding features that can enhance the

" overall system performance. In the development of systems

such as SVX it was important to use each opportunity m
different phases to the fullest. Many of the system's

_s_. capabilities were not a part of the original design specifications
and are present onlv throuah a close collaboration between

- physicists and engineers. The people who are commissioning

the SVX readout were involved in the project from ,'he designI0_3 2
• specification stages. Some of them are now evaluating and

measuring the performance of the SVX detector.
1 The other aspect of the in,egration process was to move the

sm readout system from the test stand environment to the CDF

o DAQ system. The testing and diagnostic environment is
usually a subset of the system that will be used for data
acquisition. For the SVX project there were two types of testo
stands, both with a singJe Fastbus crate outfitted with a QPI,0 2013 400 six3 _x) _olx3 _2uo 14013 leoo 1six) 2000

Numberofwordsperblock whichwereavailableinadditiontotherealDAQ system.The
first one was used for testing the Sequencer, Controller and
Digitizer mo&des. The other was a more complex system and

Fig. 6. The SSP scan time of the Sequencer Event Memory was operated in the full data acquisition mode. Even with the
blocks as a functaon of the number of words. The lines special mention patd to the problems of moving from the test

correspond to the readout times of different numbers of blocks, stands to the multi-crate Fastbus network in the detector
building, several elusive problems were identified and the

The S_,.'XDchip has the abilit2,." to sparsi_" the dam and read design revLse.d.
onl_"channelsabove thethreshold.The number of hitspcr Problemsalsoshowed up duringtheJnte_ationofallthe

interactionisa ftmcuon of the followingfactors:event SVX systemcomponents.As ittsveryeasytoguess,but



difficult to implement, some of these problems could have function performs very weil. The standing! deviation of the
been avoided or diminished by more frequent if not cia/b/ signa_ was better than Ins. The stability of the main clock
communication between the collaborating institutions or was checked. The nnmber and t_ning ofthe axicrosequencer
mdividnals. This experience is ofparticular imporumce for new instructions whie-_ cambe executed within beam ca-ossing time
supercohaborations which are now being formed that express were established. The basic reset and integration cycles can be
interest m close contacts with industry on the design and implemented in 43 instructions and it takes 3438.63_.003ns

production work of the _ detectors, to execute them. The system functionality allows the users to
perform automated, precise and fast cah'bration and monitoring

VII. CONCLUSIONS of the detector.
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