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Abstract 

This document describes the measured electrical readout performance of forward modules in the laboratory,
in beam tests and in the SCT system test at CERN.
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1 Scope of the document.

The document summarises results on the electrical performance of forward modules read out with the ABCD3T
version of the SCT binary ASICs [1,2]. In section 2 we list the the available modules that have been studied,
section 3 describes the tests we performed and their motivation., sections 4 to 7 show the results on the
performance of the modules and, finally, section 8 summarises the results obtained.

2 Performance goals of the modules.

The end-cap module electrical specifications are described in [3]. In brief, the modules need to fulfill the following
conditions:

� Signal over noise ratio of about 14:1 before irradiation, reducing to about 12:1 after 10 years of
operation.

� Noise occupancy < 5×10-4 which means that the operational threshold needs to be set at 3.3 times the
average RMS of the noise.

� Tracking efficiency > 99%.
� Capability to tag beam crossings.

These requirements translate into requirements on the module electrical stability, the noise -to ensure the proper
noise occupancy level and signal over noise ratio-, proper matching of the channel discriminator and front-end rise-
time.

3 Available electrical modules.

In order to ascertain the electrical performance of the ATLAS SCT forward modules, a number of them have been
built. Table 1 list them all, specifying which tests have been carried out on the different modules.

Module Type Hybrid type Irradiated
Data

Lab. tests Test beam System test.
Cal.  factor

K5-300 Middle CICOREL
� �

1.093

K5-301 Middle CICOREL
� � �

1.093

K5-302 Outer CICOREL
� � �

1.150

K5-303 Outer CICOREL
� �

1.171

K5-305 Outer CICOREL
� � �

1.171

K5-308 Outer CICOREL
� � �

1.095

K5-309 Outer CICOREL
�

???

K5-310 Outer CICOREL
� �

1.095

K5-312 Outer CICOREL
� �

???

K5-400 Outer DYCONNEX
� �

1.171

K5-402 Outer DYCONNEX
� �

1.171

K5-304 Inner CICOREL
� �

1.171

K5-307 Inner CICOREL
�

1.150

K5-313 Inner CICOREL
�

1.095

K5-314 Inner CICOREL
�

1.150

K5-316 Inner CICOREL
�

1.150

Table 1. SCT Forward electrical modules

In all the measurements the ASICs are powered with the prototype SCT low voltage power supply, SCTLV3, and
readout electrically via an SCT CLOAC-MuSTARD-SLOG system [4]. The sensors are biased with the companion
prototype high voltage units (SCTHV). 
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The amplitudeof the calibration pulse issuedby the ASICs needsa correction factor that takes into account
variationsfrom the designvalueof the calibrationcapacitoron the front-end.Thesevaluesarealsocompiledin
Table 1.

Threeof themoduleshavebeenirradiatedwith the24 GeVprotonbeamof theCERN PSusingtheSCTirradiation
facility [5]. The modules have been irradiated up to a fluence of 3×1014 protons/cm2.

4 Results from individual modules.

Thecharacterizationof a singlemodulehasto demonstrateits functionalityandthat theperformanceof theASICs
doesnot degradewhenassembledinto the module.To this end,front-endparameters,like the gain,outputnoise,
offsetspreadandtimewalkneedto bemeasuredandit shouldbeverified thattheir valuesareuniform acrosssingle
chips,asspecifiedfor the ASICs. Additional testmadeusinga sourcesetupwill determinethe signalover noise
ratio.

4.1 Gain, noise and noise occupancy.

For unirradiatedmodules,the measurementshavebeenmadewith a temperatureon the hybrid of about35oC. At
this temperaturethe noisein all the modulesstaysin the rangebetweenXXX andYYY e- ENC asillustratedin
Figure 1 wherethe averageequivalentnoisecharge,in electrons,is shownfor eachof the 12 ASICs in all the
modules tested.

Figure 2 showsa similar plot for the averagegain spreadon eachof the 12 ASICs of the modules.The gain
variationin the chips is of the orderXXX% andthereforeits contributionto the noiseis negligible.The average
module gain is XXX mV/fC. 

In the ATLAS operatingconditionsthe temperatureon the hybrid will be of aboutXxoC. Sincethe noiseof the
ASICs decreaseswith temperaturewith a slope between5-10 e- ENC/oC [10], the noise will be about XXX
electronssmallerthantheonemeasuredat 35oC. At this temperaturethe signalover noiseratio is alreadyXXXX,
thussatisfyingthe preirradiationperformancegoal.Measurementsmadewith a sourcesetupandon the beamtest
confirm this value.

TheSCT designgoal is to setthe ASICs singlestrip binary readoutthresholdat 1 fC, to ensurethe high tracking
efficiencyfor particlestraversingthesilicon at inclinedangles,depositingchargeon morethanonereadoutstrip. It
is thereforeimportantthat the thresholdvalueis greaterthan3.3 timesthe averagerms of thenoiseto achievethe
noise occupancyrequired. In non irradiated modules the mean noise occupancyis ~10-5, well below the
requirements. Figure 3 shows the mean noise occupancy of one side of a module.

Thethreeirradiatedmoduleshavebeenmeasuredwith temperatureson thehybrid around0oC. For thosemodules
the average ASIC's noise is about XXXX e- ENC. The noise occupancy at 1 fC threshold is XXXX.

4.2 Threshold uniformity.

For the binary architecture,oneof the mostcritical issuesis the uniformity of parametersof the front-endcircuit
and,specially, matchingof thediscriminatorthreshold.TheABCD3T chip ensuresthatby the implementationof
individual thresholdcorrectionin everychannelusinga 4-bit DAC (trim DAC) per channelwith four selectable
ranges. 

Figure 5 showstheoffsetspreadoneachof the12 chipsof anunirradiatedmoduleafter trimming thethresholdfor
all thechannels.As canbeseen,theaveragevalueis aboutXXX  mV (or ~XXX fC). This is to be comparedwith
the noise value of XXX fC.

Figure 1. Measured noise (e- ENC) on each of the 12 ASICs of all the modules tested.  The
temperature of the hybrid was measured to be about 35oC.

Figure 2. (a) Average gain spread on each of the 12 ASICs of the modules.(b) Average gain
on each of the 12 ASICs of the modules.

Figure 3. Noise occupancy as measured on a single link on an unirradiated module.

Figure 5. Offset spread on each of the 12 ASICs in an unirradiated module.

Figure 4. Noise occupancy as measured on a single link on an irradiated module.
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For the irradiated modules the matching of the discriminators degrades and, therefore, a wider range of the trim dac
is needed to reduce the offset spread, see Figure 6

4.3 Timewalk.

In order to ensure a proper beam crossing identification and to reduce the inefficiency produced by the assignment
of hits to the wrong time slot, the timewalk should be smaller than 16 ns [1,2]. Here the timewalk is defined as the
maximum time variation in the crossing of the time stamp threshold over a signal range of 1.25 to 10 fC, with the
comparator threshold set to 1 fC.

Figure 7 shows the measured average timewalk on each of the 12 ASICs of the non-irradiated modules. Figure 8
shows the same quantity for the irradiated modules.

---

4.4 BER testing of opto-links.

Here ?

4.5 Source setup.

5 System test and first results.

5.1 General Description

The goal of the system test is to run as many modules as possible in a physical configuration which is as close as
possible to the planned ATLAS SCT configuration, thereby testing the performance of the modules in such a
system and comparing it to their stand-alone performance. Experiments are performed to ascertain the robustness of
the grounding and shielding schemes used against extra noise pick-up from the experimental environment.

The system test simulates a section of one of the SCT forward disks in all its details of mounting, cooling, supply
and shielding. Details on the sector prototype can be found in [6].

The sector can accommodate up to 33 modules; 13 outer, 10 inner and 10 middle modules. Figure 9 shows the
outer and inner module mounting positions on the front of the disk, while figure 10 is of the back of the disk where
the middle modules are mounted. The mounting positions are denoted O1-O13 for outer and I1-I10 for inner
positions starting at the far left of figure 9. While the middle position are denoted M1-M10, counting from the right
of figure 10.

Figure 9. Sector Front view.

Figure 6. Offset spread on each of the 12 ASICs in an irradiated module.

Figure 7. Timewalk for unirradiated modules..

Figure 8. Timewalk for irradiated modules..
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Thedisk is heldat eachendvia metalboltsto analuminiumsupportframe,shownin figures 9 and 10. Thecarbon-
fibre disk is thereforein electricalcontactwith thesupportframe.Thesectoris housedin a copperbox to represent
the thermalshieldat the SCT. It shouldbe notedthat the cover is not electricallyor geometricallysimilar to the
plannedATLAS SCT thermalshield. Combinedwith blackoutcloth and a dry nitrogensupply the copperbox
provides a dry and dark atmosphere, with a relative humidity of 20% or less, whilst running. 

Separatecoolingcircuitsareusedfor the threemoduletypes.The innermodulesareservedvia a CuNi pipe4mm
OD with 70µmwall thickness,while themiddleandoutermoduleshavealuminiumpipes3.6mmID/ 4.0mmOD.
ThecoolingblocksaremachinedAl blockswith copperplatingat thepipeblock join. Theblock wassoft soldered
to the cooling pipe. On the outercooling circuit 4 of the high cooling blocksare CC with a Cu plate (positions
3,5,7,and9 countingfrom the left asyou look at the disk). The third CC block hada final gold flash to prevent
oxidation. An ethanol-watermixture is pumpedthrough the pipes with the temperaturebeing controlled by a
commercial chiller.

Figure 10. Sector Back view
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Thelow masswiggly powertapeswereproducedat Ljubljana.Theyweremadefrom the‘old’ designbeing??mm
wide with Al tracks.Becauseof theexpenseof producingdifferent shapesof tape,only 9 different designswere
produced.Therefore9 positionshavethe correcttapelayout andthe remainingpositionshavetapeswhich have

Figure 11. A schematic layout of the forward SCT system test.
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been‘madeto fit’ asbestaspossible.Thewiggle tapescontainall thepower,select,resetandtemperaturemonitor
linesfor themodules.Thecommunicationof datato andfrom themoduleis performedvia theopticalplug-insin
theforwardopticalharness.Eachharnessserveseither5 or 6 modules.At theedgeof thedisk theharnessconnects
to 25 m long fibres, which transmits the data to the DAQ system, illustrated in Figure 11.

The SCT prototype VME power supplies(SCTLV3s) power the module'sASICs and opto-components.The
detectorsarebiasedwith the companionprototypehigh voltageunits (SCTHVs).The individual channelsof each
powersupplyarefloating with respectto eachother.It shouldbenotedthat the returnlinesof theASIC analogue
and digital lines and the detector bias line are connected together at the disk in a fashion dependent on the particular
grounding and shielding scheme implemented, which are described later.

The modulesare readout usinga CLOAC-SLOG-MuSTARD-OPTIFsystem,with the OPTIF [4] providing the
electrical-opticalinterface.TheDAQ usedis in placeof thefinal read-outdrivers,(ROD). Thehybrid temperature
is readoutvia theSCTLV3 modules.A ROOT-basedSCTDAQ softwarepackageis used,runningon a Windows-
NT PC connected to the VME crates via a National Instruments interface card.

Controlandmonitoringof all voltagesandcurrentsis carriedout throughtheDAQ software,althougha prototype
DCS systemis used to monitor hybrid temperature,environmentaltemperatureand humidity and control the
cooling unit.

All patchpanelsandpowertapesusedareascloseaspossibleto theplannedfinal ATLAS design,exceptfor extra
provisionson thepatchpanelsto allow testingof variouscouplingschemes.From the powersupplies30 m long
conventionalcablesrun to PPF2via a commonmodechoke.Thesechokesareintendedfor useat PPF3but PPF3is
not represented in the system test. Between PPF2 and PPF1 2.5 m long kapton tapes with 100µm thick Al tracks are
used.ThekaptontapesbetweenPPF1andPPF0are3.1mlong with 50µm thick Al tracks.A schematicdiagramof
the system test is shown in Figure 11.

5.2 Grounding and Shielding in the System Test

Thesystemtestbasesit's groundingandshieldingschemeontheproposaloutlinedin [7,8,9]. Themainelementsas
appliedin the systemtestaredescribedbelow,with anydifferencesnoted.Two groundingandshieldingschemes
are being investigated. They differ in the way the modules are referenced with respect to each other.

The conventionalcablesare shieldedand this shield is commonedthroughthe chokesto the kaptontapesside.
FromPPF2to PPF1the6 “thick” kaptontapesperPPF2arebundledtogetherandwrappedwith aluminiumfoil. At
PPF2the shield is connected,via jumpers,to the aluminiumfoil wrappedaroundthe kaptontapesand takento

Figure 12. Detail of on disk and PPF0 grounding and shielding scheme.
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PPF1.PPF1is electricallyshieldedinsideanaluminiumbox,connectedto thekaptonaluminiumfoil shield.PPF1
is equippedwith jumpersto allow AC connections(with 2.7 µF) betweenVDD and VCC to the cableshielding.
Thesejumpershavebeenpresentfor all testsso far. From PPF1to PPF0the “thin” kapton tapesare bundled
togetherin setsof 3, with eachsetwrappedin aluminiumfoil. Theshieldconnectioncontinuesvia thealuminium
foil around the “thin” kapton tapes to the sector housing. The shield is held in good contact with the copper box. 

Thedisk’s aluminiumsupportstructure,insidethecopperbox, is electricallyconnectedto thesupportstructurevia
copper tape and via supporting screws into the structure of the disk.

Thekaptontapebundlessplit on enteringthecopperbox on routeto PPF0while thealuminiumfoil wrapperstops
at thecopperbox.For bothgroundingschemestheshieldof PPF0is connectedto a 50µm thick angularaluminium
foil stuckto theouteredgeof bothfacesof thedisk.Thefoils areconnectedtogetherandto thecarbonfibre of the
disk with conductiveepoxyandcoppertape.On eachdisk facetheangularfoil is connectedvia threeradialfoils to
angular foils running just above the cooling blocks, (2 foils on the disk front and 1 on the back), with foil tabs down
to eachcooling block.Connectionsaremadebetweenthe foil andthecoolingblock usingeitherconductiveepoxy
or thecoolingblock’s fixing screws.In this mannerall thecoolingblocksareconnected,via thealuminiumfoil, to
theouterangularfoil andthusthe shieldof PPF0.The shieldat PPF0is alsoconnectedto the aluminiumsupport
structure via short pieces of copper tape. The detail of the on-disk-grounding scheme is shown in Figure 12.

The first grounding& shieldingschemeto be investigatedprescribesthe control of straycapacitancebetweenthe
cooling pipe andthe silicon detectorbackplaneby the useof a shuntshield placedbetweenthe moduleandthe
coolingblock.Theshuntshieldis anintegralpartof theK5 moduleconsistingof a copperfoil at thecooling point
of the moduleconnecteddirectly to AnalogueGround,(AGND), of the module.Electrically insulatingfoam with
good thermalpropertiesis mountedonto the cooling block face to insulatethe modulefrom the cooling block.
Thereforethemodulegroundandthecooling block arenot in intimateelectricalcontactwith eachother.For this
groundingschemetheshieldconnectionat PPF0is connectedto Digital Ground,via jumpersfitted to PPF0.Thus
the cooling circuit is connectedto the modules digital return. At the SCT low voltage power supply the
conventionalcableshieldis directly connectedto Digital returnof thepowersupply.Figure 13 illustratesthemain
features of this grounding scheme.

Thesecondschemerequiresthemodulegroundsto beheldtogetherastightly aspossible.Themoduleshuntshield
is shortedso that themodulepowerreturnsareDC connectedto the coolingblock at the modulemountingpoint.
The electrically insulatingfoam remainson the face of the cooling block. To havea direct connectionfrom the
modulegroundsto theblock anadditionalmetalcoveredkaptonwasher,connectedto AGND of themoduleat the
moduleconnector,is gluedonto the top of themodule’speekwasher.The metalholdingnut on thecoolingblock
insuresa DC connectionbetweenthemodulepowerreturnsandthecoolingblock.At PPF0theshieldis connected
to analuminiumfoil that is routedwith the “thin” kaptontapebetweenPPF0andthecopperbox. Thelow voltage
power supplyhasshield connectedvia a 10nFcapacitorto VME ground.The main featuresof this schemeare
shown in Figure 14.

In figures13 and14 the reddottedline representstheshield,only VDD andDGND linesareshownbut in reality
both analogue and digital lines pass through a choke and are decoupled to the shield at PPF1. 

Figure 13. Grounding and shielding scheme that utilises the shunt shield 
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5.3 First results for the Forward system test.

When a modulearrivesat the systemtest, it is accompaniedby the resultsfrom a standardcharacterisationas
performedat the modulebuilding cluster.The first stepin integratingthe moduleinto thesystemtestis to repeat
this standardcharacterisationon the 'electricaltestbench'in thesystemtestlab, to verify that the modulehasnot
sufferedin transit. The electrical test benchis considerablysimpler than the full systemtest as it bypassesthe
opticalcommunication,andusesonly very shortpowerandsignalcables.Thereforea modulemaybe expectedto
give its best performance when running stand-alone 'on the bench'.

Oncethemoduleis verified to bein goodworkingorder,it is mountedon thesystemtestsector(with all grounding
and shieldingconnectionsmade),andthe standardcharacterisationsequenceis repeated,poweringonly that one
module.This performanceis comparedto that on the benchand any differencesare noted and investigatedif
possible. When this comparison is complete, the module is considered ready to be included in multi-module tests. 

Oncethemoduleis verified to bein goodworkingorder,it is mountedon thesystemtestsector(with all grounding
and shieldingconnectionsmade),andthe standardcharacterisationsequenceis repeated,poweringonly that one
module.This performanceis comparedto that on the benchand any differencesare noted and investigatedif
possible. When this comparison is complete, the module is considered ready to be included in multi-module tests. 

Therearecurrentlysix modules(two middleandfour outermodules)in thesystemtest,detailedin Table 1. All the
modulesshowedapproximatelythesamenoisevalues(within about100ENC) whenrunningaloneon thesectoras
they did on the bench.

A typical multi-moduletestis to measurethegainandnoisewith manymodulesrunningin parallel.This hasbeen
performed,using a three-pointgain calculation and noise occupancyscans,with the moduleson the sector.
Detailedmulti-modulestudieshaveonly beenperformedwith theshunt-shieldedgroundingschemeimplemented.
At presenteitherthe two middlemodulesor the four outermoduleshavebeenoperatedtogether,but not all six at
once.For examplethe4 outermodulesweremountedin positionsO10to O13(O11andO13beinghighblocks)as
shown in figure 7. The modules were communicated with via a single opto-harness. Details are given in table 2.

Module Cooling block Opto plug-in Temperature (C)

K5-302 O10 3 34

K5-402 O11
4

37

K5-400 O12 5 35

K5-303 O13 6 (only link1 working) 37

Table 2. Multimodule tests on 4 outer modules.

Figure 15. modules & cooling pipes in a 4 outer
multi-module run

Figure 14. Grounding and shielding scheme that utilises DC coupling between the AGND of
each module
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Themeasurednoisevaluesof all ASICson themodules,with all 4 modulesin operationat ahybrid temperatureof
about 360C, are shown in Figure 5. With the exception of the first chip on module K5-303 the noise values lie in the
anticipated range. 

No ‘dead seagulls’were seenin the distribution of noiseacrossthe moduleswhenoperatedon the sector.Such
‘dead seagull’ noise distributions were seen previously and attributed to correlated noise sources.

A scanof Noiseoccupancyasa functionof threshold,in charge,wasperformed.Goodagreementin noisebetween
the 3point gain and the Noise Occupancy runs were obtained.

(comment of level of NO wrt design requirements)

Noise occupancy as a function of time was measured with the threshold set to 1fC on all modules. The duration of a
noise occupancy measurementwas about 1 minute, with a 2 minute interval been measurements.100
measurementsweremade.A decreasein noisewasobservedasa function of time, this wasalsoseenin thebarrel
systemtest.Thereareno peaksdetectedin thenoiseoccupancyasa functionof timeplots.Hadpeaksbeenpresent
(alsoobservedin thebarreldueto thepick-upby thesystemof theswitchingcurrentsof theair-conditioning)this
would be indicative of inadequate shielding.
The Correlatednoisedatataking macrohasbeenrun for the 4 modules.Thenoisecalculatedfrom the correlated
noisemeasurementagreedwith thosefrom the3pt gainscan,while theamountof correlatednoisefoundwaslow
and consistent with zero.

Detailed multi-module runs have not at present been performed with the common grounding scheme.

Figure 5 - ENC from 3point gain

5.4 Noise injection studies with shunt shield grounding option

6 Module Test-Beam results.

6.1 Introduction.

Testbeammeasurementshavebeenperformedto evaluatethe trackingperformanceof a numberof the SCT end-
capmodulespreparedfor themoduleFDR. Themeasurementprogramwasdesignedto investigatetheresponseof
individual modulesto singlehigh-energyparticle tracksthrougha rangeof systematicallyvariedoperationaland
environmentalparameters.Theseresultsmay thenbe usedto studytheexpectedperformancein ATLAS at much
highertriggerratesandtrackdensities.Two of themodulestestedwerethoseirradiatedpreviouslyat theCERNPS
T7 facility to theSCT referencedoseof 3 x 1014 p/cm2. Relatedbeamtestshavebeenperformedin previousyears
on barrel SCT modules (which have much in common with SCT barrel modules, including basic detector
technology and the same readout ASICs)[2,3], and prototype end-cap modules [2].

6.2 Facilities and setup.

The beamtestswere performedat the ATLAS testbeamfacility at the CERN SPSH8 beamline.A collimated,
parallelbeamof 180GeV/cpionswith somemuons,about1cmacross,travellingin air, is passedthrougha pair of
trigger scintillatorsand an inline array of silicon detectorsasshownin figure 1. The particle type andenergyis
chosento provideminimal multiple scatteringwithin theSCTsetupwhile allowingadequatebeamintensity.Beam
intensityis setto around20,000particlespersecondfor thedurationof theSPSspill, 4.8secondsin a 16.8second
cycle.Up to 10 SCTmodulesundertestarearrangedoneafter theother,presentingapproximatelythesameaspect
to the incidentbeam.Themodulesaremountedon a rackwhich rotateseachmoduleaboutits own axis througha
rangeof about+/- 15º from normal,thewholearraybeingalwaysat thesameangleto thebeam.EachSCTmodule
is containedin its own modulebox of a standarddesignincorporatingliquid cooling to themoduledesigncooling
surfaces.Theboxesareenclosedin perspexcoversheetsto presentminimal materialto thebeamwhile enclosing
eachmodulein its own thermalenvironment.Thesetenmodulesandtheir associatedmechanicsareall contained
within a larger thermalenclosureflushedwith cold nitrogengas.The liquid coolantand the gasare maintained
between-10 and -20º C in order to keepthe moduletemperaturescloseto their designoperatingtemperatureof
around -10º C.

A major featuretheATLAS H8 facility is a largesuperconductingdipolemagnet.TheSCTsetupsitson a carriage
which canbe insertedinto thefield of this magnet.Thefield is setto 1.56T whenused,is approximatelyuniform,
and is directedvertically downwards.This allows modulesto be arrangedwith their strips parallel to the field
directionwhile facing thebeamat normal incidence,a configurationwhich mimics that of the barrelmodulesin
ATLAS andwhich hasbeenstudiedextensivelyin previousbeamteststo investigateeffectsof theLorentz force.
End-capmodulesin ATLAS will be arrangedwith their stripsradiatingawayfrom the axis at right anglesto the
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nominal solendoidal field direction. This configuration is not available at H8. However, since the electric and
magnetic fields are parallel and the effects of the field on charge collection times or distributions are not expected
to be large, relatively few measurements with the magnetic field in accessible configurations were done.

In addition to the 10 SCT modules, the SCT testbeam facility is equipped with four X-Y pairs of tracking detectors
forming a silicon telescope. These are arranged in pairs immediately upstream and downstream of the thermal
enclosure. Their function is to provide high spatial resolution space points from which independent, high resolution
tracks through the modules under test can be reconstructed. They utilise 50 µm pitch silicon detectors with
analogue readout ASICs which, with charge division, allow tracks to be reconstructed to around 3 µm resolution at
the modules under test. The readout ASICs are VA2, with around 1 µs shaping and 10 ms multiplexed readout
time. Use of these non-pipelined chips limits both the trigger rate (due to the readout deadtime) and the beam
intensity (due to track identification and pileup). 

An important characteristic of the SCT readout ASIC, the ABCD3TA, is the short shaping time of 25 ns coupled
with the clock-synchronous nature of the comparator sampling. Precise timing is therefore required in order to
measure in detail the pulse shape and to determine the optimum timing settings as functions particularly of
radiation damage and magnetic field. As the SPS fixed target beam is not clock-synchronous, the signals in the
SCT readout chips are random in time with respect to their clock. The beamtest is therefore equipped with a 0.2 ns
resolution TDC and an SCT CLOAC trigger synchronisation module. The CLOAC delays propagation of external
triggers both for the integer number of clock cycles required for the pipeline and for the fraction of a clock cycle
required to synchronise the trigger with the internal sampling. This fractional clock delay is measured by the TDC
allowing offline selection of timing windows from the initial random data set.

Data acquisition uses the standard SCTDAQ setup, including the SLOG, MuSTARD and CLOAC SCT VME
modules and the ROOT software package, extended to readout the telescope and TDC. Modules are electrically
connected to the readout system using their spy connectors rather than optical readout. Low and high voltage power
supplies are also the standard SCT VME modules.

[figure 1 : beamline sketch for 2002.]

6.3 Measurement goals and program.

The basic testbeam measurement of SCT binary modules is a scan of the input comparator thresholds resulting in s-
curves of particle detection efficiency versus threshold. Several tens of thousands of randomly timed events are
taken a each threshold point. Each event is analysed for matching telescope tracks and optimal timing efficiency to
determine an efficiency. From these data, the efficiency around the design operating threshold, 1.0 fC, can be
determined, as can the mean charge response, the threshold at 50% efficiency. Measurement of the mean charge
response allows an absolute calibration of the internal charge injection calibration circuits of the readout chips. By
studying the same data as a function of timing window cuts, the pulse shape can also be mapped. Combining the
mean charge response with measures of the noise allows signal-to-noise ratios to be determined. Combining the
experimentally determined charge scale with separate noise measurements allows a determination of the expected
noise occupancy at operating thresholds along with a measure of the operating margin. Analysis of a large number
of events at the operating threshold also allows a determination of the spatial resolution and mean cluster size.

The set of modules included in the beamtest was largely determined by the availability of the two irradiated Outer
modules, #id and #id. Two unirradiated Outer modules, #id and #id, were therefore also included for direct
comparison. Two Inner/Middle (???) modules were also included, as were two previously measured barrel modules
as reference samples. [Any mention of the KBs ??] 

The first goal of the beamtest program was the measurement of these important module parameters for a minimum
ionising particles at normal incidence to the silicon planes. This configuration is the reference configuration for
comparison with other beamtests and for parametrising the basic module performance. The detectors were biased at
their design operating voltages, measured at the high voltage supplies, of +150V for the unirradiated modules and
+400V for the modules that had been irradiated at the PS to the SCT reference fluence, representing the extremes of
radiation history. A greater number of events than standard were taken for this basic scan to provide higher
statistics for timing window and spatial resolution studies.

A second goal was the measurement of the bias voltage dependence of the modules, especially the irradiated
modules, since this is important operational information. This measurement consists of repeated threshold scans at
several bias voltages from which the shape of the mean charge versus bias curve can be determined.

A third goal was the measurement of the performance at various angles of rotation about an axis parallel to the
central strips of the module. Threshold scans at nominal bias voltages at different angles were performed up to the
maximum accessible at H8. From each scan, the dependence of the efficiency at operating thresold and the mean
cluster size versus bias can be determined.



ATLAS Project Document No: Page: 14 of 14

ATL-IS-TR-0001 Rev. No.: Draft 1

A fourth goal was a mapping of the position dependence of the module performance. This was performed at normal
incidence by taking threshold scans at several positions around the silicon sensitive area. This included positions
near and far from the end-tap electronics hybrid position, to study effects of the distance from the readout
amplifiers as well as of the varying strip pitch, as well as several positions across the module.

A last measurement was several threshold scans with the magnet on, at 1.56T at several angles, and at nominal
bias, primarily to confirm the expectations from the previous barrel measurements.

6.4 Results.

[Sets of figures similar to the Barrel FDR]

Table ? lists the modules tested with a summary of the important resulting parameters.

7 Summary.

Summary of results.
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