Beam Test of Silicon Detectors with Binary Readout for ATLAS

A. Grewal, R. Nickerson, R. Wastie, Oxford Univ. , Oxford, UKY. Gao,

S. Gonzalez, A M. Walsh,

Z. Feng, Univ. of Wisconsin,, Madison, WI, USAJ. DeWitt, D. E. Dorfan, T. Dubbs, A. A. Grillo, S. Kashigin, W. Kroeger, T. Pulliam, J. Rahn, W. A. Rowe,H. F.-W. Sadrozinski , A. Seiden, E. Spencer, A. Webster, R. Wichmann, M. Wilder, D. WilliamsSCIPP, Univ. of California, Santa Cruz, CA, USAJ. Dane, A. Lankford, S. Pier, B. Schmid,Univ. of California, Irvine, CA, USAR. Bonino, C. Couyoumtzelis, P. Demierre , Univ. of Geneva, Geneva, SwitzerlandY. Iwata, T. Ohsugi, Hiroshima Univ., Hiroshima, JapanH. Iwasaki, T. Kondo, S. Terada, Y. Unno, KEK, Tsukuba, JapanW. Dabrowski, M. Idzik, IPNT, Krakow, PolandJ. Godlewski, INP, Krakow, PolandR. Takashima, Kyoto Univ. of Education, Kyoto, JapanA. Ciocio, T. Collins, J. Emes, M.G.D. Gilchriese, C. Haber , I. Kipnis, M. Shapiro, J. Siegrist, H. Spieler,Lawrence Berkeley National Laboratory, Berkeley, CA, USAN. Tamura, Okayama Univ. , Okayama, Japan

Goals of the H8 Beam Test with Binary Modules:6cm vs. 12cm modulesexperience with:single-sided DC coupled operationp-type detectorsATLAS style FEEtrace out parameter space of binary modules by measuringefficiencythreshold voltagenoise occupancyas a function ofbias voltageposition resolutionangle of track incidenceprofit from beam telescope with high spatial resolution to map out inter-strip effectson-line monitoring

AT&T180*75micronUCSC3*128*50micronDDR23*128*50micron

BEAMBINARY H8 Beam Test CERN 1995 -not to scale-

Beam telescopeBinary r-f Modules in the September H8 Beam TestTested ModuleHybridDetectorPitchLength# ofAmp ChipPipe Line[side,type,AC][micron][ c m ] stripsUCSCKapton n n AC5 0 6 , 1 2 3 8 4 LBICCDP128DDR2Kapton p n AC5 0 63 8 4 LBICDDR2AT&T3Ceramic n p DC7 5 1 2 1 8 0 CAFECDP128

Data analysisAnish Grewal (Oxford)DDR2 module: inter-strip effectsAT$T3 module: track angle effectsSaul Gonzalez, Zhong Feng (Wisconsin)UCSC module: bias voltage effectsNoise occupancy for all modules(with the help of Bill Murray)Tracks were fitted from space points in the beam hodoscopeand projected with a precision of about 3 microns into the binary modulesOnly events with ONE track were acceptedTiming cut due to the limited overlap of the comparator output with the synchronized clock,as measured with TDC:UCSC: 15-25nsDDR2: 0-15nsAvailable binary pipelines (CDP & DDR2) are level sensing.Overlap of the comparator output level with the clocked pipe-line :

Module

FEE Chip

# of 25ns Time slices

RemarkAT&T3CAFE2.5n- or p-sideDDR2LBIC2.5p-sideUCSCLBIC0.6n-sideOccupancy were corrected to one 25ns time slice, corresponding to edge triggering.

Noise Occupancyis a function of the operating threshold and is determined two ways:off-track occupancy during on-beam data takingnoise occupancy during threshold scans1 0 - 6 1 0 - 4 1 0 - 2 1 0 000.20.4

Noise Occupancy in 25ns0.60.811.2AT&T3UCSC 6cmUCSC 12cmThreshold2 [fC2]DDR2 6cm

Noise occupancy has approximate Gaussian dependence on threshold Vt and noise sigma sOcc = Oo exp(-Vt 2/2s2)Noise rms and Occupancy at 1fC Threshold for one 40MHz Time Slice

Module

Noise sigma [ e- ] Occupancy @ 1fCAT&T316400.8*10-4UCSC, 12cm17061.5*10-4

Efficiency as a Function of Inter strip PositionDDR2- 6cm long, 50m pitch, p-sideEfficiency vs inter-strip position for 1.0 and 1.66fC Efficiency vs threshold for average, center, edge8 5 9 0 9 5 1 0 0 1 0 5 0

Efficiency [ % ]0.20.40.60.81Threshold:Interstrip Position1fC1.66fC"Edge""Center"

02 0

Efficiency [ % ]4 0 6 0 8 0 1 0 0 1 2 0 012Threshold [ fC ]345 Average CenterEdgeDDR2The efficiency is above 99% even at a threshold 40% higher than the nominal 1fC.It is 50% at close to 3.5fC, the median of the binary Landau distribution.The �edge� of the strips, i.e. the 5m bin in-between the strips is especially susceptibleto efficiency losses due to charge sharing

Sharing of pulses causesreduction of efficiencybut improves position resolution.DDR2Threshold [fC]Track residualsrms Resolution (fitted resolutions 20% lower)

Bias Voltage Dependence of the Efficiency and Position ResolutionUCSC- module, 12cm , 50m, n-siden-in-n detectors deplete from the backside before inversion,the collection of charge might be less efficient at lower bias voltages than at higher ones.The UCSC module depletes at about 70V.We have operated the module at 100V and 200V bias,We found that noise improves when raising the bias voltageEfficiency for two bias voltages:

00.20.40.60.811.2

Efficiency012345100V200VThreshold [fC]Bias:UCSC

Efficiency close to nominal threshold for the UCSC module0.80.850.90.9511.050

M u l t i p l i c i t y0.511.522.5<Eff>Edge EffcenterThreshold [fC]3Bias: 100V

0.80.850.90.9511.050

Efficiency0.511.522.5<Eff>Edge EffcenterThreshold [fC]3Bias: 200V Hit multiplicity as a function of the threshold

1201234

M u l t i p l i c i t y5<Mult>Edge MultCenter MultBias: 100VThreshold [fC]

11.21.41.61.820

M u l t i p l i c i t y12345<Mult>Edge MultCenter MultThreshold [fC]Bias: 200V

Efficiency at the edge of the strip vs. threshold

0.80.850.90.9511.0500.5

Efficiency11.522.5"Edge"VBias:Threshold [fC]100V200VNo strong bias voltage effect close to the nominal threshold of 1fC,only at 1.7fC, can we observe an increase in efficiency for the larger bias voltage.Redo this measurement with 75m pitch detector

Efficiency Dependence on Rotation Angle -for under-depleted detectorAT&T3 module- 12cm, 75m pitch, n-on-pn-on-p bulk detector has higher doping density than the n-bulk detectorsDepletion voltage about 150V,bias voltage : 85V due to the large leakage current,75% of the detector is depletedOperation corresponds to an inverted n-on-n detector operated at partial depletion,an option for the ATLAS SCT in case of unexpectedly high radiation levelsRotation changes the angle of incidence of the track and the amount of sharingWith the high precision tracking sensitivity to effects at the edge is increasedIdeally, one would like to study this as a function of bias voltage

Angle of Incidence of Track changes Sharing between StripsEfficiency for rotation angles 0o 7o, 14o

02 0

Efficiency [ % ]4 0 6 0 8 0 1 0 0 1 2 0 012Threshold [ fC ]345 Average CenterEdgeAT&T30o

02 0

Efficiency [ % ]4 0 6 0 8 0 1 0 0 1 2 0 012Threshold [ fC ]345 Average CenterEdgeAT&T37o

02 0

Efficiency [ % ]4 0 6 0 8 0 1 0 0 1 2 0 012Threshold [ fC ]345 Average CenterEdgeAT&T31 4 o

Efficiency as a function of angle for7.5m Edge binaverage over 75m strip

9 0 9 5 1 0 0 1 0 5 00.5

Efficiency [ % ]11.522.5AverageThreshold [ fC ]071 4 AT&T3Observable effect at 7o and 14o, but insignificant in average at 1.2fC thresholdEfficiency at 7o and 14o look identical (?)Noticeable efficiency loss at 1.4fC threshold , but average still 98% efficient (7o only)oReally missed the 14o at 1.4fC!

Position resolution and average multiplicity as a function of angle at a threshold of 1fC.

051 0 1 5 2 0 2 5 3 0 rms Position Resolution [micron]

M u l t i p l i c i t y11.21.41.61.820481 2 1 6 Rotation Angle [ o ]2 0 AT&T3Larger rotation angle increases the sharing, multiplicity, improves position resolution

Off-track occupancy in one 25nsec time slice during beam-on timeall hits in the events which were distant by more than 10 strips from the track projection.

Off-Track Occupancy vs Efficiency for different Thresholds

1 0 - 4 1 0 - 3 9 7 97.5

Off-Track Occupancy9 8 98.59 9 99.51 0 0 Efficiency [%]AT&T0o0.93fC1.18fC1.35fC1.66fC

1 0 - 4 1 0 - 3 9 7 97.5

Off-Track Occupancy9 8 98.59 9 99.51 0 0 Efficiency [%]AT&T37o0.93fC1.18fC1.35fC

1 0 - 4 1 0 - 3 9 7 97.5

Off-Track Occupancy9 8 98.59 9 99.51 0 0 Efficiency [%]AT&T1 4 o0.93fC1.18fC

Lessons learned for operations of a binary SCT system:Conditions: 12cm detectors with 75m pitch, bias at about 3/4 depletion, FEE non-optimized. Track angles up to 14oConclusions:Noise occupancy is acceptable at 0.9fC, is to specs above 1.0fC threshold (10-4)Efficiency is acceptable at 1.4fC, to specs below 1.2fC (> 99%)

The binary system will have a �head room� in the threshold setting of between 20% and 50%.This head room should be reserved for unexpected effects,like higher than expected radiation levelsNOT for controllable spread in the performance of the FEE.Need a tight specification of the threshold matching (gain & noise) for the bipolar chipsWhat can be achieved?Part of the 10 wafers with the TEKZ chip for ZEUS, fabricated in the Tektronix -now MAXIM- bipolar process were tested thoroughly: matching of the threshold at 1fC across 4 wafers (660 chips* 64channels) was 4%,corresponding to 25% of the noise rms.We get away with one threshold for 55k channels, and a calibration once in a while.For ATLAS, we most likely need to group chips with similar gain to keep the acceptable yield up.

Recommendations for the next binary H8 beam test:keep the beam telescope!operate CAFE with optimized power settingredo measurements with irradiated n-on-n detectors,operate at partial depletion, and large bias voltagetest twin module in pre-rad state simultaneouslyinclude points at larger angles and at more thresholds (0.8, 0.9, 1.1, 1.4)schedule a high flux run to investigate short term effects