1

SCIPP 96/02January 1996On-chip Monitoring of the Performance of SiliconDetectors with Binary ReadoutH. F.-W. SadrozinskiSCIPP, Univ. of California, Santa Cruz, CA, USAABSTRACTThe monitoring of the performance of silicon strip systems with binary read-out is discussed. We propose to instrument a small fraction of the channels withan additional, higher threshold, set at the median of the pulse height spectrum.The ratio of the counting rate at high threshold to the one at low threshold yieldsthe efficiency on-line and without need for tracking.INTRODUCTIONWe are proposing to simplify the readout of silicon detectors by using abinary readout [1], which records only the addresses of strips with pulse heightexceeding a fixed threshold value. Thus the pulse height will not be availabledirectly during data taking. We have shown that the pulse height informationcan be recovered by varying the threshold and measuring the count rate, whichis the integral of the pulse height spectrum [2]. Likewise, the noise can bedetermined from threshold scans without beams [3,4]. During data taking, thismethod of determining the signal and noise is not usable, because the thresholdwill be kept constant. We proposed to monitor the performance on-line with atracking program, and have shown that this can be done in a beam test[5]. Inaddition, we believe that a direct hard ware monitor of the system performanceshould be developed. A system with two thresholds would satisfy this need. Wehave shown before that a concept which employs coincidences of lowerthresholds is not practical because of the noise penalty [6]. Here we willinvestigate the usefulness of a higher threshold.

2MONITORING SIGNAL-TO-NOISE: THRESHOLD SCANSBy recording the counting rate as a function of varying threshold, the pulseheight spectrum can be extracted. The so-called threshold scan yields theefficiency, which is the integral spectrum of all hits with pulse height exceedingthe threshold setting. Its derivative is the pulse height spectrum. Data from aprevious beam test at KEK (Ref. [2]) are shown in Fig. 1, with the threshold curvein Fig 1a and the pulse height spectrum in Fig. 1b. An operating threshold of 1fCwas established for the binary system.Fig 1: a. Efficiency as a function of threshold, b. Pulse height. (Ref. [2])Close inspection of the efficiency plot in Fig.1 reveals two different thresholdregions. These different regions are emphasized in Fig.2 , which is an efficiencyplot from the H8 beam test in 1995.At the nominal threshold of 1fC, where we want to operate the system, theefficiency is unity, independent of the threshold. Small changes of pulse heightwill not be detectable. This fact is due to the �head room� of the binary system,which, because of the low noise, is operated at low threshold and thus exhibitsgood efficiency even at 1.5 times the nominal threshold. The fact that theefficiency is high and insensitive to pulse height changes, means that thisthreshold region of 1fC is the worst region to monitor the performance, whereone wants to be sensitive to small changes in pulse height. This sensitivity tosmall pulse height variations is present in the region of thresholds of about 3fC,at the median of the pulse height spectrum. Here the slope of the efficiency vs.threshold curve is maximal, and thus small changes in the pulse height due to

3the degradation of the system will be flagged by large efficiency changes. Forexample, we estimate from Fig.2 that for a 10% pulse height change, themonitoring efficiency will change by 20%, Again, these efficiency changes at 3fCwill not be detectable at the lower threshold.

020406080100

Efficiency [%]120012345Threshold [fC]Nominal Threshold: 1.0fCConstant EfficiencyNo Monitoring SensitivityMonitoring Threshold: 3.0fCLarge Efficiency SlopeHigh Monitoring SensitivityFig 2: Efficiency as a function of threshold, for an H8 binary moduleWe propose to use the sensitivity of the higher threshold to small changes insystem performance to monitor �on-chip� the performance: two of the 128channels of a chip are connected to the same strip, One of the two channels willoperate with the nominal threshold of 1fC, while the other will be set to a fixedhigher threshold, e.g. 3.0fC- in practice, it seems to be more advantageous toreduce the gain in the second channel by the factor 3 and operate the chip with asingle common threshold-. While the channel with the normal threshold at 1fCexhibits an efficiency of 100%, the higher threshold will be only 50% efficient,which can be measured on-line by taking the ratio of rates in both. Low noiseoccupancy assures that even this direct ratio is a good measure of the systemperformance, but the ratio can be evaluated under more restrictive selections.The value of the higher threshold is envisioned to be fixed in hard ware andthe same on all chips. It should coincide with the median of the pulse heightspectrum for maximum sensitivity, but this requirement does not have to be met

4exactly. From our beam tests [3,5], we are able to determine the correct setting,given a certain admixture of particle crossing angles.The number of channels sacrificed on the chip for monitoring should besmall. We believe that one channel per 128 channel chip is enough, because itwill result in 12 monitoring channels per module. In addition, the standardmonitoring of the performance of all channels will be done with the help of atracking program .CONCLUSIONSWe propose a monitoring system of the binary read-out by connecting thesame strip to two amplifier channels, one with the nominal 1fC threshold, theother with a threshold corresponding to the median of the pulse heightdistribution (about 3fC). The ratio of the counting rate of the two channels is theefficiency at the median which is maximally sensitive to pulse height changes. Inorder to minimize the impact of this monitoring system, we propose to utilizeone of the 128 channels on one chip for the high threshold, which results in 12monitoring channels per module. For the practical implementation, we suggestto have one threshold per chip, and reduce the gain in the monitoring channel bya factor of 3.

5REFERENCES[1] A. Ciocio et al, A Binary Readout System for Silicon Strip Detectors at the LHC, Presentation at the LHC Electronics Workshop, Lisbon, Portugal, Sept 12, 1995.[2] J. DeWitt et al, Signal-to-Noise in Silicon Micro strip Detectorswith Binary Readout, IEEE Trans. N.S. Symp. 42, 445 (1995). Y. Unno et al, Characterization of DSSD with fast binary readoutelectronics using pion beams,1995 IEEE N.S. Symposium, San Francisco, CA[3] T. Dubbs et al, Noise Determination in Silicon Microstrip Detectors1995 IEEE N.S. Symposium, San Francisco, CA, SCIPP 95/19.[4] T. Pulliam, Noise Studies in Silicon Micro strip Detectors,UC Santa Cruz Senior Thesis 1995, SCIPP 95/28.[5] H. F.-W. Sadrozinski et al, Monitoring the Performance of SiliconDetectors with Binary Readout in the ATLAS Beam Test,2nd International Symposium on Development and Application ofSemiconductor Tracking Detectors, Hiroshima, Japan, Oct. 10-13,1995, SCIPP 95/45.[6] T. Dubbs, W. Kroeger and H. F.-W. Sadrozinski, Noise Occupancy in Single Channels and Adjacent Channel Coincidences in the Binary Read-out Systems for Silicon Detectors, SCIPP 96/01.