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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 obtai ned.

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 < 5x10 which means that the operational threshold needs to be set at 3.3 times the
average RMS of the noise.
« Tracking efficiency > 99%.
« Capahility 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.

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 al, specifying which tests have been carried out on the different modules.

Module | Type | Hybridtype | Irradiated Data Cal. factor
Lab. tests | Test beam | System test.

K5-300 | Middle| CICOREL v v 1.093
K5-301 | Middle| CICOREL v v v 1.093
K5-302 | Outer CICOREL v v v 1.150
K5-303 | Outer CICOREL v v 1171
K5-305 | Outer CICOREL v v v 1171
K5-308 | Outer | CICOREL v v v 1.095
K5-309 | Outer | CICOREL v m”?
K5-310 | Outer CICOREL v v 1.095
K5-312 | Outer | CICOREL v v m”?
K5-400 | Outer | DYCONNEX v v 1171
K5-402 | Outer | DYCONNEX v v 1171
K5-304 | Inner CICOREL v v 1171
K5-307 | Inner CICOREL v 1.150
K5-313 | Inner CICOREL v 1.095
K5-314 | Inner CICOREL v 1.150
K5-316 | Inner CICOREL v 1.150

Table 1. SCT Forward electrical modules

In all the measurements the ASICs are powered with the prototype SCT low voltage power supply, SCTLV 3, and
readout electrically viaan SCT CLOAC-MuSTARD-SLOG system [4]. The sensors are biased with the companion
prototype high voltage units (SCTHV).
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4.2

The amplitude of the calibration pulse issuedby the ASICs needsa correctionfactor that takesinto account
variationsfrom the designvalue of the calibrationcapacitoron the front-end. Thesevaluesare also compiledin
Tablel.

Threeof the moduleshavebeenirradiatedwith the 24 GeV protonbeamof the CERNPSusingthe SCT irradiation
facility [5]. The modules have been irradiated up to a fluence @ 3protons/cm

Results from individual modules.

The characterizatiomf a singlemodulehasto demonstratéts functionality andthatthe performanceof the ASICs
doesnot degradewhenassemblednto the module.To this end,front-endparameterslike the gain, outputnoise,
offsetspreadandtimewalk needto be measure@ndit shouldbeverified thattheir valuesareuniform acrosssingle
chips, as specifiedfor the ASICs. Additional testmadeusing a sourcesetupwill determinethe signalover noise
ratio.

Gain, noise and noise occupancy.

For unirradiatedmodules the measurementsavebeenmadewith a temperatureon the hybrid of about35°C. At
this temperaturehe noisein all the modulesstaysin the rangebetweenXXX andYYY e ENC asillustratedin
Figurel wherethe averageequivalentnoise charge,in electrons,s shownfor eachof the 12 ASICs in all the
modules tested.

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 35°C.

Figure2 showsa similar plot for the averagegain spreadon eachof the 12 ASICs of the modules.The gain
variationin the chipsis of the orderXXX% andthereforeits contributionto the noiseis negligible. The average
module gain is XXXnV/fC.

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

In the ATLAS operatingconditionsthe temperatureon the hybrid will be of aboutXx°C. Sincethe noiseof the
ASICs decreasesvith temperaturewith a slope between5-10 e- ENC°C [10], the noise will be about XXX
electronssmallerthanthe one measuredt 35°C. At this temperaturehe signalover noiseratio is alreadyXXXX,
thussatisfyingthe preirradiationperformancegoal. Measurementmadewith a sourcesetupand on the beamtest
confirm this value.

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

The SCT designgoalis to setthe ASICs single strip binary readoutthresholdat 1 fC, to ensurethe high tracking
efficiencyfor particlestraversingthe silicon at inclined angles depositingchargeon morethanonereadoutstrip. It
is thereforeimportantthatthe thresholdvalueis greaterthan 3.3 timesthe averagams of the noiseto achievethe
noise occupancyrequired. In non irradiated modules the mean noise occupancyis ~10° well below the
requirementskigure3 shows the mean noise occupancy of one side of a module.

Figure 4. Noise occupancy as measured on a single link on an irradiated module.

Thethreeirradiatedmoduleshavebeenmeasuredvith temperaturesn the hybrid around0°C. For thosemodules
the average ASIC's noise is about XXX¥)XENC. The noise occupaney 1fC threshold is XXXX.

Threshold uniformity.

For the binary architecture pne of the mostcritical issuesis the uniformity of parameter®f the front-endcircuit
and, specially, matchingof the discriminatorthreshold.The ABCD3T chip ensureghatby the implementatiorof
individual thresholdcorrectionin every channelusing a 4-bit DAC (trim DAC) per channelwith four selectable
ranges.

Figure5. Offset spread on each of the 12 ASCsin an unirradiated module.

Figure5 showsthe offsetspreadon eachof the 12 chipsof anunirradiatednoduleafter trimming the thresholdfor
all the channelsAs canbe seenthe averagevalueis aboutXXX mV (or ~XXX fC). This is to be comparedwith
the noise value of XXXC.
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4.3

4.4

4.5

5.1

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

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

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. Timewalk for unirradiated modules..

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 modul es.

Figure 8. Timewalk for irradiated modules..
BER testing of opto-links.
Here ?

Source setup.

System test and first results.

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].

Figure9. Sector Front view.

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 11-110 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.
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Figure 10. Sector Back view

Thedisk is held at eachendvia metalboltsto analuminiumsupportirame,shownin figures9 and10. Thecarbon-
fibre disk is thereforein electricalcontactwith the supportframe.The sectoris housedn a copperboxto represent
the thermalshield at the SCT. It shouldbe notedthat the coveris not electricallyor geometricallysimilar to the
plannedATLAS SCT thermalshield. Combinedwith blackoutcloth and a dry nitrogen supply the copperbox
provides a dry and dark atmosphere, with a relative humidity of 20% or less, whilst running.

Separatecooling circuits are usedfor the threemoduletypes.The inner modulesare servedvia a CuNi pipe 4mm
OD with 70umwall thicknesswhile the middle and outermoduleshavealuminiumpipes3.6mmID/ 4.0mmOD.

The cooling blocksaremachinedAl blockswith copperplating at the pipe block join. The block wassoft soldered
to the cooling pipe. On the outer cooling circuit 4 of the high cooling blocksare CC with a Cu plate (positions
3,5,7,and 9 countingfrom the left asyou look at the disk). The third CC block hada final gold flashto prevent
oxidation. An ethanol-watemixture is pumpedthrough the pipeswith the temperaturebeing controlled by a
commercial chiller.



ATLAS Project Document No: Page: 8 of 14

ATL-IS-TR-0001 Rev. No.: Draft 1
) N
i SCTLV:
PPFZ“ Conventional Cable (30m| Low VValt
‘ power supply,
merges with HV
Thick
power
ATLA%SCT (3.1m) High Volta?e
E/Iog\géllr power supply
e
- | PRL [ an | ~25m optical
| Thin power ores OPTIF:
tapes Bi-phase Mak
! (2.5m) Encoding + optica
H data receiver
oo [
Opto plug- i ook &t
in i
SLOG:

FANOUT

CLOAC:

Generates master
clock, trigger and
reset

Opto-harness
® @& Temperaureand |
Humidity Probes [

D c National
Instruments
_ PC-VME
Interface
SctD h

=— VME

Figure 11. A schematic layout of the forward SCT system test.

Thelow masswiggly powertapeswereproducedatLjubljana. Theyweremadefrom the ‘old’ designbeing??mm
wide with Al tracks.Becauseof the expenseof producingdifferent shapeof tape,only 9 different designswere
produced.Therefore9 positionshavethe correcttapelayout andthe remainingpositionshave tapeswhich have
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been'madeto fit' asbestaspossible Thewiggle tapescontainall the power,selectresetandtemperaturegnonitor
linesfor the modules.The communicatiorof datato andfrom the moduleis performedvia the optical plug-insin
theforward optical harnessEachharnesservesither5 or 6 modules At the edgeof the disk the harnessonnects
to 25 m long fibres, which transmits the data to the DAQ system, illustrated in Elgure

The SCT prototype VME power supplies(SCTLV3s) power the module’sASICs and opto-componentsThe
detectorsare biasedwith the companionprototypehigh voltageunits (SCTHVs). The individual channelof each
powersupplyarefloating with respecto eachother.It shouldbe notedthatthe returnlines of the ASIC analogue

and digital lines and the detector bias line are connected together at the disk in a fashion dependent on the particul
grounding and shielding scheme implemented, which are described later.

The modulesare read out usinga CLOAC-SLOG-MuSTARD-OPTIFsystem,with the OPTIF [4] providing the
electrical-opticainterface.The DAQ usedis in placeof thefinal read-outdrivers,(ROD). The hybrid temperature
is readoutvia the SCTLV3 modules A ROOT-basedCTDAQ softwarepackagds used,runningon a Windows-
NT PC connected to the VME crates via a National Instruments interface card.

Controland monitoringof all voltagesandcurrentsis carriedout throughthe DAQ software althougha prototype
DCS systemis usedto monitor hybrid temperaturegnvironmentaltemperatureand humidity and control the
cooling unit.

All patchpanelsandpowertapesusedareascloseaspossibleto the plannedfinal ATLAS design,exceptfor extra
provisionson the patchpanelsto allow testingof variouscouplingschemesFrom the powersupplies30 m long
conventionatablesun to PPF2via a commonmodechoke.Thesechokesareintendedfor useat PPF3but PPF3is
not represented in the system test. Between PPF2 and PPF1 2.5 m long kapton tapeprithidOAI tracksare
used.The kaptontapesbetweenPPFlandPPFOare3.1mlong with 50um thick Al tracks.A schematialiagramof
the system test is shown in Figare

Grounding and Shielding in the System Test

The systemtestbasest's groundingandshieldingschemeonthe proposabutlinedin [7,8,9]. The mainelementsas
appliedin the systemtestaredescribedbelow, with any differencesnoted. Two groundingand shieldingschemes
are being investigated. They differ in the way the modules are referenced with respect to each other.

——— Thermd
Shield

Support structure

N—————

Cooling
pipes +
blocks

Figure 12. Detail of on disk and PPFO grounding and shielding scheme.

The conventionalcablesare shieldedand this shield is commonedthroughthe chokesto the kaptontapesside.
FromPPF2to PPF1the 6 “thick” kaptontapesper PPF2arebundlediogetherandwrappedwith aluminiumfoil. At
PPF2the shieldis connectedyia jumpers,to the aluminium foil wrappedaroundthe kaptontapesandtakento
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PPF1.PPF1lis electricallyshieldedinsidean aluminiumbox, connectedo the kaptonaluminiumfoil shield.PPF1
is equippedwith jumpersto allow AC connectiongwith 2.7 pF) betweenVDD and VCC to the cableshielding.
Thesejumpershave beenpresentfor all testsso far. From PPF1to PPFOthe “thin” kaptontapesare bundled
togetherin setsof 3, with eachsetwrappedin aluminiumfoil. The shieldconnectioncontinuesvia the aluminium
foil around the “thin” kapton tapes to the sector housing. The shield is held in good contact with the copper box.

Thedisk’s aluminiumsupportstructure jnsidethe copperbox, is electricallyconnectedo the supportstructurevia
copper tape and via supporting screws into the structure of the disk.

The kaptontapebundlessplit on enteringthe copperbox on routeto PPFOwhile the aluminiumfoil wrapperstops

atthe copperbox. For bothgroundingschemeshe shieldof PPFQis connectedo a 50um thick angularaluminium

foil stuckto theouteredgeof bothfacesof the disk. Thefoils areconnectedogetherandto the carbonfibre of the

disk with conductiveepoxyandcoppertape.On eachdisk facethe angularfoil is connectediia 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. Connectionsaremadebetweerthe foil andthe coolingblock usingeitherconductiveepoxy

or the coolingblock’s fixing screws.In this mannerall the cooling blocksareconnectedyia thealuminiumfoil, to

the outerangularfoil andthusthe shieldof PPF0.The shieldat PPFQis alsoconnectedo the aluminiumsupport
structure via short pieces of copper tape. The detail of the on-disk-grounding scheme is shown 1”2.Figure

Support I
frame |[-_-._-.-_.-_-._-.-_.-_-. .I'I:I

I Module illl

|| Wiggly .I:I

I | !:h

peroT |~ | _ o
| 1i Shunt shield |III

L

S s "

Figure 13. Grounding and shielding scheme that utilises the shunt shield

Thefirst grounding& shieldingschemeto be investigatedorescribeghe control of stray capacitancdetweenthe
cooling pipe andthe silicon detectorbackplaneby the useof a shuntshield placedbetweenthe moduleandthe
cooling block. The shuntshieldis anintegralpart of the K5 moduleconsistingof a copperfoil atthe cooling point
of the moduleconnectedlirectly to AnalogueGround,(AGND), of the module.Electrically insulatingfoam with
good thermal propertiesis mountedonto the cooling block face to insulatethe modulefrom the cooling block.
Thereforethe modulegroundandthe cooling block arenot in intimate electricalcontactwith eachother.For this
groundingschemehe shield connectionat PPFOis connectedo Digital Ground,via jumpersfitted to PPF0.Thus
the cooling circuit is connectedto the modulesdigital return. At the SCT low voltage power supply the
conventionakableshieldis directly connectedo Digital returnof the powersupply.Figure13 illustratesthe main
features of this grounding scheme.

The secondschemeequiresthe modulegroundsto be heldtogetherastightly aspossible The moduleshuntshield
is shortedso thatthe modulepowerreturnsare DC connectedo the cooling block at the modulemountingpoint.
The electrically insulating foam remainson the face of the cooling block. To havea direct connectionfrom the
modulegroundsto the block an additionalmetalcoveredkaptonwasherconnectedo AGND of themoduleat the
moduleconnectorjs gluedonto the top of the module’speekwasher.The metalholding nut on the cooling block
insuresa DC connectiorbetweerthe modulepowerreturnsandthe coolingblock. At PPFQthe shieldis connected
to analuminiumfoil thatis routedwith the “thin” kaptontapebetweenPPFOandthe copperbox. Thelow voltage
power supply hasshield connectedvia a 10nF capacitorto VME ground.The main featuresof this schemeare
shown in Figure 4.

In figures 13 and 14 the red dottedline representshe shield,only VDD andDGND lines areshownbut in reality
both analogue and digital lines pass through a choke and are decoupled to the shield at PPF1.
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Figure 14. Grounding and shielding scheme that utilises DC coupling between the AGND of
each module

53 First resultsfor the Forward system test.

When a module arrives at the systemtest, it is accompaniedy the resultsfrom a standardcharacterisatioras
performedat the modulebuilding cluster.The first stepin integratingthe moduleinto the systemtestis to repeat
this standardcharacterisatiomn the ‘electricaltestbench'in the systemtestlab, to verify thatthe modulehasnot
sufferedin transit. The electricaltest benchis considerablysimpler than the full systemtestasit bypasseghe

optical communicationandusesonly very shortpowerandsignalcables.Thereforea modulemaybe expectedo

give its best performance when running stand-alone 'on the bench'.

Oncethemoduleis verified to bein goodworking order, it is mountedon the systemtestsector(with all grounding

and shieldingconnectionanade),and the standardcharacterisatiosequences repeatedpoweringonly thatone
module. This performances 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 goodworking order, it is mountedon the systemtestsector(with all grounding

and shieldingconnectionanade),and the standardcharacterisatiosequences repeatedpoweringonly thatone
module. This performances 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.

T
SRS .

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

Therearecurrentlysix modules(two middle andfour outermodules)in the systemtest,detailedin Tablel. All the
modulesshowedapproximateljthe samenoisevalues(within aboutl00ENC) whenrunningaloneonthe sectoras
they did on the bench.

A typical multi-moduletestis to measurehe gain andnoisewith manymodulesrunningin parallel. This hasbeen
performed,using a three-pointgain calculation and noise occupancyscans,with the moduleson the sector.
Detailedmulti-modulestudieshaveonly beenperformedwith the shunt-shieldedjroundingschememplemented.
At presenteitherthe two middle modulesor the four outer moduleshavebeenoperatedogether but not all six at
once.For examplethe4 outermodulesvere mountedn positionsO10to 013 (011 andO13beinghigh blocks)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 | 011 4 37
K5-400 | 012 5 35
K5-303 | 013 6 (only link1 working) | 37

Table 2. Multimodul e tests on 4 outer modules.
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6.1

6.2

The measuredoisevaluesof all ASICson the moduleswith all 4 modulesin operationat a hybrid temperaturef
about 36C, 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 moduleswhen operatedon the sector.Such
‘dead seagull’ noise distributions were seen previously and attributed to correlated noise sources.

A scanof Noiseoccupancyasa function of thresholdjn charge wasperformed.Goodagreemenin 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
noise occupancy measurementwas about 1 minute, with a 2 minute interval been measurements100
measurementweremade.A decreasén noisewasobservedasa function of time, this wasalsoseenin the barrel
systemtest. Thereare no peaksdetectedn the noiseoccupancyasa function of time plots. Had peaksbeenpresent
(alsoobservedn the barreldueto the pick-up by the systemof the switchingcurrentsof the air-conditioning)this

would be indicative of inadequate shielding.

The Correlatednoisedatataking macrohasbeenrun for the 4 modules.The noisecalculatedfrom the correlated
noisemeasuremerdagreedwith thosefrom the 3pt gain scan,while the amountof correlatednoisefound waslow

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
Noiseinjection studieswith shunt shield grounding option

M odule Test-Beam results.

I ntroduction.

Testbeammeasurementlave beenperformedto evaluatethe tracking performancenf a numberof the SCT end-
capmodulespreparedor the moduleFDR. The measurementrogramwasdesignedo investigatethe responsef

individual modulesto single high-energyparticle tracksthrougha rangeof systematicallyaried operationaland
environmentaparametersTheseresultsmay thenbe usedto studythe expectedperformancan ATLAS at much
highertriggerratesandtrackdensitiesTwo of the modulestestedwerethoseirradiatedpreviouslyatthe CERNPS

T7 facility to the SCT referencedoseof 3 x 10" p/cn?. Relatedbeamtesthiavebeenperformedin previousyears
on barrel SCT modules (which have much in commonwith SCT barrel modules, including basic detector
technology and the same readout ASICs)[2,3], and prototype end-cap modules [2].

Facilities and setup.

The beamtestsvere performedat the ATLAS testbeamfacility at the CERN SPSH8 beamline.A collimated,
parallelbeamof 180 GeV/c pionswith somemuons,aboutlcmacrossiravellingin air, is passedhrougha pair of

trigger scintillatorsand an inline array of silicon detectorsasshownin figure 1. The particle type and energyis

choseno provideminimal multiple scatteringwithin the SCT setupwhile allowing adequatdeamintensity.Beam
intensityis setto around20,000particlesper secondor the durationof the SPSspill, 4.8 secondsn a 16.8second
cycle.Up to 10 SCT modulesundertestarearrangedneatfter the other,presentingapproximatelythe sameaspect
to the incidentbeam.The modulesaremountedon a rack which rotateseachmoduleaboutits own axis througha

rangeof about+/- 15° from normal,the whole arraybeingalwaysat the sameangleto the beam EachSCT module
is containedn its own modulebox of a standarddesignincorporatingliquid coolingto the moduledesigncooling

surfacesThe boxesare enclosedn perspexcoversheetgo presentminimal materialto the beamwhile enclosing
eachmodulein its own thermalenvironment.Theseten modulesandtheir associateanechanicsare all contained
within a largerthermal enclosureflushedwith cold nitrogengas. The liquid coolantand the gasare maintained
between-10 and-2(° C in orderto keepthe moduletemperaturegloseto their designoperatingtemperatureof

around -10 C.

A majorfeaturethe ATLAS H8facility is a largesuperconductingipole magnet.The SCT setupsitson a carriage
which canbe insertedinto thefield of this magnet.Thefield is setto 1.56 T whenused,is approximatelyuniform,
and is directedvertically downwards.This allows modulesto be arrangedwith their strips parallel to the field
directionwhile facing the beamat normalincidence a configurationwhich mimics that of the barrelmodulesin
ATLAS andwhich hasbeenstudiedextensivelyin previousbeamtests$o investigateeffectsof the Lorentzforce.
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 pum pitch silicon detectors with
anal ogue readout ASICs which, with charge division, allow tracks to be reconstructed to around 3 pm resolution at
the modules under test. The readout ASICs are VA2, with around 1 ps 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.]
Measurement goals and program.

The basic testbeam measurement of SCT binary modulesis a scan of the input comparator thresholds resultingin 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 tel escope 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 alows 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 ?77]

Thefirst goa 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, especialy 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 paralel to the
central strips of the module. Threshold scans at hominal 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.
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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 severa 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 aswell as of the varying strip pitch, aswell 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.

Results.

[Sets of figures similar to the Barrel FDR]

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

Summary.

Summary of results.
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