SCIPP 94/29October 1994Design, Testing and Performanceof the Frontend Electronicsfor the LPS Silicon Microstrip DetectorsE. Barberis, N. Cartiglia, J. DeWitt, D. E. Dorfan, T. Dubbs, A. Grillo,B. Hubbard, W. Lockman, K. O’Shaughnessy, J. Rahn, W. A. Rowe,H. F.-W. Sadrozinski, A. Seiden, E. Spencer, A. Webster, M. WilderSanta Cruz Institute for Particle Physics (SCIPP),University of California, Santa Cruz, CA 95064A b s t r a c t We present our experience in design, construction, testing and operation ofthe frontend electronics (FEE) for the LPS silicon strip detectors for HERA. Atotal of about 22,000 channels has been operated as close as the 10s envelope ofthe 820 GeV proton beam. This FEE system is binary, controlled by onethreshold set at about 0.8fC, and has been optimized by combining a fast low-noise bipolar amplifier/comparator VLSI with a low-power digital pipelinemanufactured in radiation-hard CMOS.1. INTRODUCTIONSilicon microstrip detectors are used extensively in HEP experimentation.The small feature sizes and the large number of channels are ideally suited tointegration with VLSI electronics and on-detector data reduction. Thefrontend electronics has to adapt to the specific requirements of theexperimental situation, which are different for fixed target, collider and spaceapplications, respectively. We report here on the frontend electronics for theLeading Proton Spectrometer (LPS), operating in conjunction with the ZEUSdetector at HERA. This device, described in detail in Refs. [1-3], detects andmomentum analyses diffractively scattered protons in e-p collision withplanes of silicon microstrip detectors positioned in close proximity to thecirculating proton beam. The detectors are moved within the 10s envelope ofthe proton beam with the help of �Roman Pots�, (the closest distance to thebeam center is 2mm) and retracted during injection and unstable beamconditions. In comparison with previous applications, the 10MHz collisionfrequency of HERA and the high radiation levels were new challenges. Inaddition, we chose to build a conceptionally simple system which recordedonly the addresses of strips whose pulse height exceeded a set threshold, butnot the pulse height itself, which put stringent requirements on the noiseimmunity and uniformity of the frontend electronics.In the following, we first describe the design of the FEE VLSI chips. Wethen report the results of extensive testing of the FEE chips, includingchannel-to-channel matching of gain and noise. Next is a brief account of theassembly of FEE-detector modules and their testing using a laser test station.We then report on the performance of the frontend electronics during datataking at HERA. Finally, we present results on radiation hardness, both in testsof the FEE and in our experience in the HERA beams.2. DESIGN OF THE FRONTEND ELECTRONICS VLSIThe design and the choice of technology for the LPS electronics at HERA wasbased on a set of specifications, which were derived from the properties of

2silicon microstrip detectors, the environment at HERA and the read-out andtrigger architecture of the ZEUS experiment:Radiation hardness up to a high energy proton fluence of 1014 p / c m 2 ,corresponding to a similar neutron fluence combined with a total ionizingdose of 3.3Mrad.30 ns shaping time commensurate with the collection time of the holes of afully depleted detector. An amplifier shaping time of the same order ensuresthat the signal peaking time is less than the 96ns between HERA beamcrossings, which allows the assignment of the correct bunch crossing to everydetector signal. It also reduces deadtime.Narrow channel width to match the smallest detector pitch of 85m m, whileleaving room for bonding between chips.Low noise to ensure good signal-to-noise ratio. With a signal charge ofabout 25,000 electron-hole pairs per minimum ionizing particle, a noisecharge of about 1000 electrons gives good detection efficiency with low noiserate. The load capacitance varies between 1 and 10 pF, depending on the stripl e n g t h . Low power consumption. The remote location of the detectors andintegration of the VLSI with the temperature sensitive detectors requires lowpower consumption of the FEE to minimize temperature increase. An upperlimit of 2mW/channel was adopted.Operation with input currents in excess of 2m A . Anticipated radiationdamage to the DC coupled silicon microstrip detectors would result in leakagecurrents of that order per strip, which the FEE inputs have to absorb withoutlarge loss of gain.Pipelined operation. In order to minimize the bandwidth of the readout, thehierarchical trigger structure of ZEUS is used: the data is stored on-chip until avalid second level trigger arrives after about 1ms. This can be achieved by asynchronous first level buffer of about 6m s followed by an asynchronoussecond level buffer.Based on a design study, a mixed technology combination of bipolaramplifier-comparator VLSI (for low noise and speed) and a CMOS digitalpipeline (built as an SRAM to save power) was selected (see Fig. 1).Silicon mStripDetector

Bipolar Amplifier-Comparator("TEKZ")CMOS DigitalPipeline ("DTSC")BiasVoltage

ThresholdVoltageLVL1BufferLVL2Buffer

LVL1TriggerLVL2TriggerReadoutBus

Fig. 1. Block diagram of the FEE system.Using two chips requires an extra wire bond per channel, but allowsoptimization of the two chips. The system is binary, i.e,. for every channel abit is stored in the time slice of the corresponding beam crossing, which is setif the pulse height exceeds a threshold, and is zero otherwise. No otherinformation is kept. The number of channels per chip is 64.

32.1 Bipolar Amplifier-Comparator Chip (TEKZ)The amplifier-comparator chip was fabricated in the Tektronix SHPiprocess to a channel width of 72m m. Its design and performance has beendescribed in detail in Ref. [4]. Figure 2 shows the complete circuit diagram forone channel.

40INV2.2

100k100k

CAL.

V2.250K16k64k60k10k60k60k12k60k60k64k60k12k20k20k12k12k12k7k7k1.5pF1.5pF3k72k72k20k5k60k60k52k12k45k20k20k88k4pF

3.2V

OUTV5.6<<GND1GND2

<<40FRONT V3.2BACK V3.2

40200Q1Q2<<Q10Q12Q3Q8Q4Q6Q5Q17Q201Q13Q202Q200Q7Q123Q100Q101Q124Q14

V2.2

Q125V5.6ALL TRANSISTORS ARE N2 EXCEPT Q1, Q10, AND Q17 ARE N8 PR2 TP2TP1INTP3OUT200 K100 fFA1

CAL IN10 pFA2·3A3·3

comparatorthreshold

Fig. 3. Functional circuit diagram of the bipolar amplifier-comparator chipTEKZ. To test functionality and measure gain and noise, test pulses can be injectedon four calibration lines, each connected to the calibration capacitors of 16channels. Several test points allow probing during characterization.2.2 CMOS Digital Time Slice Chip (DTSC)The digital output signals from the comparator are stored in the digitalbuffers until a trigger decision is made. The VLSI chip fulfilling this function

4is the Digital Time Slice Chip (DTSC), described in detail in Ref. [5]. A blockdiagram of the DTSC is shown in Fig. 4.

Driver

PadsLevel 1BufferLevel 2Buffer

Read PointerRead Pointer

Write PointerWrite Pointer

Increment Read Pointer

Increment Write Pointero

1o1Off Chip6464643264326464

4Fig. 4. Block Diagram for the Digital Time Slice Chip DTSC.An event is clocked as a time slice into the level-1 buffer with 10.4 MHz, theHERA collision frequency. If a valid level-1 trigger occurs after a fixedlatency, the time slice is transferred into the level-2 buffer; otherwise, thetime slice is overwritten. The level-1 buffer is 64 locations deep, allowing forthe ZEUS trigger latency of 6m s, while the level-2 buffer is 32 locations deep toallow for efficient data storage even in case of high level-1 trigger rates.After a valid level-2 trigger, the data is transferred uncompressed serially onfour data lines. The DTSC is implemented as a SRAM, i.e., only pointers aremoved once the data is strobed into the buffer. Clocks and digital controlsignals are generated externally and bussed to the chips differentially. TheDTSC was manufactured in 1.2m m radiation hard CMOS by United TechnologiesMicroelectronics Center (UTMC) [6]. It contains about 48,000 transistors, andthe power consumption is about 2mW per channel at 10MHz.3. TESTING of the FEE CHIPSThe two chips were tested separately before assembly to minimize rework onthe hybrid assemblies. The bipolar chips were tested in the SCIPP laboratoriesand detailed information about the characteristics and uniformity extracted.The CMOS chips were tested by the foundry, UTMC.3.1 Testing of the Bipolar Amplifier-Comparator ChipThe bipolar chips were delivered diced and they were tested using a probecard and a test apparatus described in detail in Ref. [7]. We will give below asummary of the method and the results of the testing. The tight spacing of theoutput pads made a simultaneous testing of all 64 channels impossible, and sowe tested only 32 channels at a time. Using the test inputs, the gain and noiseof the amplifier chips were determined by injecting through the calibrationcapacitor pulses of known charge, i.e., 1fC and 2fC, and measuring thesynchronous counting rate as a function of threshold, as shown in Fig. 5. Thethreshold voltage difference of the 50% points is the gain in mV/fC, and thewidth of the threshold curves gives the noise. Specifically, the thresholdvoltage difference between the 88% and the 12% occupancy points is equal to

5the noise FWHM (we actually fit the data with an error function to extract the50% points and the noise sigma).

0100020003000400002040

Number of Channels6080Average Gain 164+-7 100120140160180200Gain (mV/fC)Fig. 6. Distribution of TEKZ gains.In Fig. 7, we show the corresponding noise sigma�s, centered at 17.2mVcorresponding to a noise charge of s n = 656 e-.

05001000150020002500

# of Channels051015202530Average Noise = 17.2 mVNoise [mV]DFig. 7. Distribution of TEKZ noise.

6Note that the matching of the gains is much better than a noise sigma,which is important for the operation of many chips with one threshold valueo n l y . Figure 8 shows the yield averaged over the six wafers: we found 72% of thechips had no bad channels.All 6 Wafers72.3%8.52%2.39%1.94%2.84%0.598%11.4%(484) Good(57) 1 Dead(16) 2 Dead(13) 3-5 Dead(19) 6+ Dead(4) Other(76) Power Supply Failure11.4%Fig. 8. Yield of 669 TEKZ chips with 32 channels tested.We cross-checked on a limited number of chips that the remaining 32channels showed a similar yield profile. For the assembly, we selected chipswith no fault on the measured channels, and thus accepted a small number(0.2%) of dead channels on the unmeasured ones.3.2 Testing of the CMOS Digital Time Slice ChipThe CMOS chips were tested at UTMC using test vectors derived in thesimulation of the design. The selection criteria of a fully functional chip wasprincipally based on the measured current draw. Because a few percent of theCMOS chips were found to be defective after bonding, we spot-checked thefunctionality of about 10% new chips using a HP16500A Logic Analyzer. Basedon the fact that all of these tested chips were found to be functional, weconcluded that the failures were introduced during the assembling andbonding process and stopped additional testing.4. ASSEMBLY AND TESTING OF DETECTOR MODULESThe detector modules were assembled on hybrid planes manufactured atCERN in a Cu-INVAR sandwich technology which matches the coefficient ofthermal expansion of silicon. Figure 9 shows a drawing of a detector modulewith its components. Note the large cut-out in the silicon detector whichfollows the beam profile and allows the placement close to the beam, The widthof the ellipse depends on the shape and size of the beam envelope at thedetector location. Up to 16 chip pairs servicing 64 channels each areassembled on one hybrid board. To prevent oscillations and pick-up of digitalsignals, analog and digital signals and power are routed in different planes ofthe hybrid. Moreover, the power to the amplifier chip is bypassed with filtercapacitors at every second chip pair.The assembly was performed at PROMEX [8], a commercial multi-chipassembly house. Rework was necessary on about 5% of the chips and was donein the SCIPP laboratories. The sequence of extensive tests before, during andafter assembly is described in Ref. [3]. Here we want to mention that as a finaltest after assembly, we performed a laser scan using a penetrating 1064nmlaser [9], where dead or noisy channels were identified. These �maps� were

7used later, after installation in HERA, to verify the integrity of the read-outc h a i n .

ZEUSCIRCUIT S445

Surface mountedcomponentsDigital chipAnalog chipInputcontacts

DetectorFig. 9. Schematic of a hybrid board.5. PERFORMANCE of the FEE DURING ZEUS DATA TAKINGDuring the 1994 data taking, the LPS, after an initial check-out, took data fora large part of the ZEUS running time. During the remaining time, unstablebeam conditions in HERA prevented operation, and about 1/2 hr was spentevery fill inserting the pots close to the beams. About 22,000 channels wereoperational in 26 planes in 6 pots in 3 stations, located about 60m, 80m and 90malong the outgoing proton beam. On-line programs allowed monitoring of thebasic parameters, like channel maps, which were a primary tool to detectunsafe beam conditions.We operated all detectors at a bias voltage in excess of depletion with thesame threshold voltage on all planes. Although the control system allowed theuse of a different threshold on each plane, we did not have to make use of thisprovision and set the value of all thresholds to 0.78fC.5.1 Number of non-operable channelsLoss of efficiency was caused by several effects, with most of themidentified by channel maps. Dead electronic channels, due to the fact that wetested only one half of the TEKZ chip, as mentioned above, and bad detectorstrips which were not bonded amounted to 0.5% of the channels. Then therewere channels where the DTSC was �stuck� high. These and excessively noisychannels amounted to about 0.5% of the channels. They were identified at thebeginning of each run and masked out during monitoring of the operation.5.2 OccupancyThe occupancy per strip was measured in different operating conditions,using the LPS and ZEUS DAQ system [10]. With no beams present, threshold

8scans revealed the intrinsic noise performance of the system. Duringcolliding beams operation, the beam crossing number (BCN) of the eventallowed us to distinguish between the different origins of the hits.Operation without beams:With no HERA beams circulating and a random ZEUS trigger, the basic noiseperformance was extracted by varying the threshold voltage from 0.15 to0.78fC. Figure 10 shows the channel map of one plane with 1024 channels at areduced threshold of about 1/2 nominal. Like two thirds of the LPS planes, thisplane has strips at 45o relative to the detector sides, and the length of thestrips varies from essentially zero (at channels #0 and 1023) to 6.2cm (atchannel #387), and this causes the large occupancy fluctuations observed inFigure 10.

05000100001500002 0 0

# of hits (no beam)4 0 0 6 0 0 8 0 0 1000LPS Plane 40 (Pot 7)No beamsVth = 0.4fCChannel #Fig. 10. Channel map for LPS plane 40 without beamat a reduced threshold of 0.4fC.The reason is that the parasitic capacitance scales approximately with thestrip length L and that the amplifier noise s n depends linearly on thecapacitance C (in pF), as measured in Ref. [4],sn = 680+40*C [ e- ] = 680+40*1.2*L [ e- ] ,( 1 ) where the capacitance per unit length is taken as 1.2pF/cm, a number whichincludes additional noise sources like the amplifier noise due to coupling to theneighboring channel. Figure 11 shows the noise for plane 40 as measuredwith the calibration procedure (cf. Section 3.1) as a function of the striplength L.

05 0 0 1000150001

Noise Charge [e-]234567Strip Length L [cm]Noise = 680 + 40*L*1.2 e-Fig. 11. Noise sigma as function of strip length for LPS plane 40.

9The line is calculated using eq. (1). We observe excess noise at small lengthdue to fixed capacitance of the bonding pads, and at large length, whereleakage currents add to the noise, as discussed in Section 6.2 below. We canpredict the occupancy, i.e., the number of hit strips per trigger, from thethreshold Vth and the noise sigma s n . We have shown in Ref. [11], that thenoise rate N is well described by an exponential function of the ratio ofthreshold voltage to noise voltage:

N = N0 ⋅e_{− Vth2}2⋅σ n2

(2)where No is a function of the shaping time ts (for ts= 32ns, N o =4.4MHz). Thus,for a DTSC clock rate of 10MHz, the maximum occupancy is 0.44.We have extracted separately the occupancy for strips with high and lowcapacitance, as a function of the threshold voltage. In Figure 12, we show theoccupancy as a function of the square of the threshold voltage, expressed inunits of charge at the input, for three strips of different length L. The highestthreshold shown is 0.68fC, less then the operating point, the lowest is 0.15fC.

10-510-410-310-210-1100

Occupancy00.10.20.30.40.5# 387 L=6.2cm sigma=0.18fC# 599 L=3.9cm sigma=0.13fC# 921 L=0.5cm sigma=0.12fCVth2 [fC2]Fig. 12. Occupancy for three strips with different length on LPS plane 40 asa function of the square of the threshold.Using eq. (2), we can extract the noise sigma sn from the slope of the curvesin Figure 12 and compare it to the prediction of eq. (1) and the measurementsof Figure 11. The values for sn are indicated in Figure 12, and in Table 1,where we show the measured and predicted noise sigma’s for the three stripsof different length.Table 1. Calculated and measured noise sn for different strip length.

Region Channel # Striplength

[cm] C[pF] σ n [e − ],calc.

Cap .{eq.(1)} σ n [e − ],meas

Cal.{Fig.11} σ n [e − ],meas . Occ.{Fig.12} iLeak [μA] {eq.(3)}

LowC 921 0.5 0.6 704 750 760 ≈ 0

MedC 599 3.9 4.7 867 860 825 ≈ 0

HighC 386 6.2 7.4 978 1190 1113 1.0

10The agreement between the two different methods to measure the noisesigma, calibration and occupancy, respectively, is excellent. The calculatedand measured noise RMS agree well for small and medium length, but weobserve excess noise for the longest strip, which we attribute to shot noise dueto leakage current (see Section 6.2 below).Operation with colliding beams.Occupancies in the colliding beam mode were dominated by passage ofparticles and depended critically on beam conditions. Usually, positionchanges of the inserted roman pots of a few hundred microns could changerates by factors of 10 or more. Given the fact that serious radiation damagestarts at a proton fluence of 1012 p/cm2, strip occupancies in excess of 1% hadto be avoided. In Figure 13, the channel map of plane 40 is shown for aluminosity run of 40mA protons on 15mA positrons: the occupancy is nowalmost directly proportional to the strip length, due to the random nature ofboth the halo protons and the synchrotron radiation from the positrons.

0501001502002500200400

# of Hits (e-p collisions)6008001000LPS Plane 40 (Pot 7)40mA p x 15mA e+Vth=0.78fCChannel #Fig. 13. Channel map for LPS plane 40 with colliding beamsat the nominal threshold of 0.78fC.The average occupancy per plane during luminosity shown in Fig. 13 islarger than that from random noise. By looking at the beam crossing number(BCN) of the events, we can separate the different contribution of protons andsynchrotron radiation to the occupancy. About 10% of the BCN are completelyempty, and about 10% have protons or positrons only, respectively. Inaddition, we observed that the synchrotron radiation came from the incomingpositron beam, thus preceding the e-p collisions by several beam crossings.The different contributions to the average strip occupancy are shown inFig. 14 separately for the 6 LPS planes. They are noise ("No Beams"), noise andsynchrotron radiation together ("Synchrotron Radiation only"), noise andsingle protons ("Protons only"), noise and protons from collisions ("e-pCollisions, no Synchrotron Radiation") and noise, protons from collisions andsynchrotron radiation together ("e-p Collisions + Synchrotron Radiation").As expected, the noise contribution to the occupancy is smallest and variesbetween 0.5 and 3.5*10-4. Synchrotron radiation and single protons add about10-4 each. Protons from e-p collisions give larger contribution (3 to 6*10-4)due to the larger emittance of the colliding bunches. The full colliding beamoccupancy can actually be calculated from these separate occupancies, whichvalidates our method. Aside from differences in the noise background, mainlydue to leakage currents, we see remarkable similarities in the occupancy ratesfrom different sources in pots of the same station, which have the same

11distance from the interaction point and from the incoming positron beam(pots 4&5, 6&7, 8&9, respectively).

0246810

Average Strip Occupancy* 104345678910LPS Pot #No BeamsSynchrotron Radiation onlyProtons onlye-p Collisions, no Synchr. Rade-p Collisions + Synchr. RadFig. 14. Average strip occupancy of six LPS pots at the nominalthreshold of 0.78fC, extracted from the BCN plots.5.3 Common Mode NoiseAs mentioned above, we have controlled the FEE system with one thresholdset to the same value of 0.78fC for all channels. It was maintained with anaccuracy of a few percent. We have not seen any common noise problems: thenoise rate was constant during the runs and the occupancy was only afunction of beam conditions and did not exceed a few % per plane.We monitored the multiplicity per detector plane, for every roman pot andthe whole LPS separately and found no large fluctuations. Figure 15 shows thetotal number of hits summed over all 26 LPS planes for 58,000 events during aZEUS data run. As can be seen, the number of events with more than a few hitsis small, and decreases exponentially for large numbers of hits (a total of about300 events have more than 100 LPS hits). The average number of LPS hits for22k channels is 8.6 hits/event.

0 1005 1031 10402040

# of Events6080100Average # of LPS Hits /Event = 8.640mA p x 15mA e+0Total # of LPS Hits / EventFig. 15. Hit multiplicity of all 26 LPS planesduring a colliding beams run.

126. RADIATION HARDNESS6.1 FEEThe radiation hardness of the bipolar Tektronix SHPi and the UTMC CMOSprocess have been extensively tested on the transistor [12] and chip level [13],both with gamma and proton sources up to total doses of 5Mrad and fluences of1.1*1014 p/cm. The CMOS devices showed threshold shifts of about 200mV,which ensures reliable digital operation. For the bipolar transistors, we founda degradation of the current gain b at the low level of collector current(100mA) they operate at. This is shown in Figure 16, where the emittercurrents are scaled to correspond to 100mA for the N8 transistor.050100150

Current Gain beta0200040006000Dose [krad]N2N8N32Fig. 16. Current gain b vs. total ionizing dose for threetransistor sizes of the Tektronix SHPi process.After an irradiation of about 5Mrad of gamma’s from 60Co, the current gainis reduced by half. The point at a dose of 3.5Mrad is from an irradiation withprotons, and shows evidence for displacement damage. The design of the TEKZamplifier took the b degradation into account and an irradiation of the fullchip (Figure 17) showed constant gain and noise up to a gamma dose of3.6Mrad.

13During HERA operation, the LPS detectors are subject to irradiation fromprotons and neutrons from the beam halo and from beam accidents andphotons from synchrotron radiation. Radiation levels can be inferred fromthe increase in leakage currents during proton operations and theoccupancies when beams are present. We estimate a total dose of about 40kradat the FEE, with protons and synchrotron radiation contributing about thesame amount. At this level of radiation, we do not expect radiation damage tothe FEE, and indeed, gain and noise have been constant during operation, asshown by calibration runs.6.2 DetectorsWe have observed short-term radiation damage to the silicon detectors atradiation levels much smaller than anticipated. The damage shows up asincreased leakage current during LPS operation close to the beams, but with ashort term annealing time of a few hours. The currents were loggedcontinuously for every plane. Large increases were observed when theplanes were operated close to the beam, followed by exponential annealing assoon as the detectors were moved out or the beams were turned off.This increase in leakage current was also observed as an increasedelectronics noise, both during calibration runs taken right after operationsclose to the beams and in the occupancy plots as function of threshold, asdescribed in section 5. The noise contribution due to a leakage current i is

σ n (i) = 2iτ se

,(3)which amounts to 630 electrons for i=1mA, and this noise has to be added inquadrature to the noise sigma of eq. (1). In Table 1, we show the observednoise shortly after LPS operation, and we observe a discrepancy with respectto the expected noise only in the long strips with higher capacitance, whichare close to the beams. We deduce from the noise increase a current of about1mA per strip, using eq. (3). The sum of the currents of all strips calculatedfrom the excess noise equals the total observed detector current.7. CONCLUSIONSWe have operated 22,000 channels of fast, low noise, low power FEE in the 26planes of the LPS at HERA. We control the noise of the binary system with onethreshold of 0.78fC. The occupancy is extremely low and is, without beams,strictly a function of detector capacitance and detector leakage current.During colliding beams operation, the average number of hits observed in all26 planes is 8.6. We do not observe any indication for common mode noise, andattribute this to the careful design of the bipolar FEE.8. ACKNOWLEDGMENTSWe thank our colleagues from the ZEUS and LPS collaborations for technicalhelp and fruitful discussions. This work was supported in part by the USDepartment of Energy.9. REFERENCES[1] The ZEUS Detector Status Report, Chapter 13, (February 1993),DESY, Hamburg[2] M Derrick et al., First Measurements with the ZEUS Leading Proton Spectrometer, submitted to the International Conferenceon High Energy Physics, Glasgow, 1994.

14[3] K. O�Shaughnessy et al., Testing and Installation of ZEUS Leading Proton Spectrometer Planes, Nucl. Instrum. Methods A342, 260 (1994).[4] D. E. Dorfan, Bipolar Front-end Amplifier for Use with Silicon Strip Detectors, Nucl. Instrum. Methods A342, 143 (1994);E. Barberis et al., A Low-Power Bipolar Amplifier Integrated Circuitfor the ZEUS Silicon Strip System, Nucl. Phys. B (Proc. Suppl.) 32 (1993).[5] J. DeWitt, The Time Slice Chip, Nucl. Instrum. Methods A288, 209 (1990);J. DeWitt, The Time Slice Chip, Senior Thesis 1989, UC Santa Cruz,SCIPP 89-24.[6] United Technologies Microelectronics Center (UTMC),Colorado Springs, CO.[7] J. Rahn et al., Testing the Yield of an Amplifier-DiscriminatorChip Fabricated in Tektronix SHPI, SCIPP 93/02, 1993.[8] 3075 Oakmead Village Dr., Santa Clara, CA, 95051.[9] E. Barberis et al., A Test Station for Silicon Microstrip Detectors and Associated Electronics, The Fermilab Meeting, DPF 92, C. H. Albright,P. H. Kasper, R. Raja, J. Yoh, eds., (World Scientific, Singapore, 1992),Vol. 2, p.1752.[10] C. Youngman et al., The ZEUS Data Acquisition System,DESY 92-150A, Oct. 1992.[11] E. Barberis et al., Analysis of Capacitance Measurements on Silicon Microstrip Detectors, IEEE Nucl. Sciences Symp., San Francisco, CA,Nov. 1993, SCIPP 93/39.[12] H. F-W Sadrozinski et al, Radiation-hard Front-end Electronics for Silicon Microstrip Detectors in ZEUS,Nucl. Instrum. Methods A310, 557 (1990).[13] N. Cartiglia et al, Radiation Hardness Measurements on Bipolar Test Structures and an Amplifier-Comparator Circuit,IEEE Nucl. Sciences Symp., Orlando, FL, Oct. 1992, SCIPP 92/05..

15FIGURE CAPTIONSFig. 1. Block diagram of the FEE system.Fig. 2. Circuit diagram for one channel of the bipolar amplifier-comparator chip TEKZ.Fig. 3. Functional circuit diagram of the amplifier-comparator chip TEKZ.Fig. 4. Block Diagram of the Digital Time Slice Chip DTSC.Fig. 5. Extraction of the gain and noise from the occupancy curves with1fC and 2fC test pulses.Fig. 6. Distribution of TEKZ gains .Fig. 7. Distribution of TEKZ noise.Fig. 8. Yield of 669 TEKZ chips with 32 channels tested.Fig. 9. Schematic of a hybrid board.Fig. 10. Channel map for LPS plane 40 without beamat a reduced threshold of 0.4fC.Fig. 11. Noise sigma as function of strip length for LPS plane 40.Fig. 12. Occupancy for three strips with different length on LPS plane 40as function of the square of the threshold.Fig. 13. Channel map for LPS plane 40 with colliding beamsat the nominal threshold of 0.78fC.Fig. 14. Average strip occupancy of six LPS pots at the nominal threshold of 0.78fC, extracted from the BCN plots.Fig. 15. Hit multiplicity of all 26 LPS planes during a colliding beams run.Fig. 16. Current gain b vs. total gamma dose for three transistor sizesof the Tektronix SHPi process.Fig. 17. Gain and noise for the TEKZ amplifier chip during 60C0 irradiation.