Compact Frontend-Electr onics and

S. Lüders, R. Baldinger, R. Eichler, C. Grab, B. Meier, S. Streuli and K. Szeker

Particles crossing a proportionalchamber are producingprimaryelectrons by ionisingthe gas in the chamber. These electrons are accelerated by the high electric potential difference between cathode plane and anode wires towards the anode, producingan avalanche of secondary electrons. Reaching the anode this charge distributionis reflectedas mirrorcharges on the cathode plane whichin turn induce the signal on the pad layer. The pads thus measure the crossing of the tracks with the chamber.

The new CIP is builtof fiveconcentrical cylinders(layers) withradiifrom157 mmto 193 mm.Inthe azimuthalangle, each layeris equallysubdividedinto16 segments, at whicheach segment consist of120separate pads^1 alongthe symmetryaxis (z-axis).These 9600 channels providespace pointswhichdefinethe directionof tracks. For electron-protoncollisionsthe distributionof allpossible intersectionsoftracks withthe z-axiswillshow a significantpeak near the interactionvertexwhichis notpresent forbackgroundevents. Thisuniquesignature formsthe basis ofa fast decisionwhether an event is accepted or not (z-vertex trigger).

To retain high acceptances forthe CIP and neighbouringdetectors in the H1- experiment,the availablespace formechanics and electronics is limitedat the backwardendflange^2 ofthe CIPto a 130 mmlongopen cylinderwithinnerand outer radiiat 150 mmand 200 mm,respectively.These extremely tight spatial conditions have to be shared between frontendelectronics (on-detector electronics), their suspension and cooling,lowand high voltage power cables and gas supply lines.

Therefore one on-detector electronics unitis limitedinsize to 130 mm length, 2 x 49 mm width at most and 8 mm height. Its powerconsumptionhas to be kept to a minimumto avoidtoo much heat dissipationinsidethe H1-experiment because of a limited water cooling.

Furthermore,to cope withthese tightspatial constraints, onlyoptical fibers allow high transmission rates whilereducing the number of cables to a minimum. A read-out with copper cables as presently done would increase the present volumebya factoroften, consumingeven more space at the endflange and producingan unwanted highcontributionto the dead material.Opticalfibers are not likelyinterferringescaping particles due to its smallradiationlength compared to copper cables.

1. In fact, the CIP uses a projective geometry requiring 119 pads on the innermost layer and 112, 106, 99 and 93 pads on the following layers, respectively. But for symmetry reasons, each optical link module will be capable to handle 120 pads.

2. The term “backward” labels the end of the H1-experiment pointing in the direction of the electron beam, i.e. in the -z direction.

Atthe CIPendflange (Thanks to S. Steiner, Universität Zürich). To the left the five

layer CIP (light blue) with gas tubes (green) and HV cables (red). Plugged on five ondetector units stacked on top of each other and supported by cooling blocks.

Introduction

Withthe year 2000 upgrade ofthe HERAelectron-protoncolliderat DESY,an increase in luminosityby a factor of five is anticipated. The expected higher backgroundrate, predominantlyproton-walland proton-gas reactions, necessitates a redesign of the H1-experiments’central inner multi-wireproportional chamber (CIP) to provide high background rejection efficiencyof the z-vertex trigger.

Central Inner Proportional Chamber

Abstract

The upgrade ofthe multi-wireproportionalchamber (CIP)ofthe H1-experiment at HERA(DESY)increases the number of channels to 9600. These channels have to be read out withinthe timebetween twobunch crossings of96 ns and made availabletothe z-vertextrigger.Withthe extremelytightspatialconditions at the rear CIP endflange a fast and compact bidirectionalread-out electronics is required,keepingthe powerconsumptionand the amount ofdead materialin the H1-experiment to a minimum.

Thisposter presents a solutionusing 40 identicalopticallinkmodules, stacked on top ofeach other ingroups offiveand each transferringthe triggerinformationwitha data rate of (an effectiverate of )viaoptical fibers out of the H1-experiment.

4 832 Mbps

× 4 625 Mbps ×

Via40 identicalopticallinkmodules, the pad informationis read outevery96 ns (the time between two bunch crossings) i.e. witha rate of 10.4 MHz(HERA clocksignal) to the triggerelectronicslocated outside the H1-experiment.Thus the total digitizedtriggerinformationper module sums up to an effective data rate of 4 x 625 Mbps according to fromtwoadjacent segments ofone layer (double segment). Viceversa, the on-detector electronics component must be synchronizedwiththe globalHERAclocksignal ---requiringbidirectionality--- and analog signals from each pad should be accessible for remote monitoringpurposes. The ETHZürichgrouphas already builtan optical read-out for the H1-experiment,which has been successfully operated since 1995.

Each opticallinkmoduleconsists ofan on-detectorunit,twoopticalhybrids,optical fibers and a receiver unit. The on-detector electronics unit amplifiesand discriminatesthe signals fromthe pads and serializes them to bit data words. Twoopticalhybrids, performingopto-electrical(re)conversion,maintain the optical linkbetween on-detector electronics and the receiver electronics. The receiver electronic unit retrieves the multiplexedsignals and distributes them to the trigger electronics.

2 120 pads ×

4 20×

Optical Link Modules

The CIPixanalog read-out chipis custom made by the ASIClaboratory.Itamplifies, discriminates and multiplexes the incoming signals.

For each of the 64 analog input channels, it consists of a charge sensitive preamplifierwitha gain of 20 mVper 10^5 electrons, a CR-RCsemi Gaussian shaper witha peak timeof50...70 ns and a comparator. The discriminatedsignals are synchronized withthe HERAclocksignal and fouradjacent pads are multiplexed.

Formonitoringand testing purposes, one ofthe analog signals can be selected and branched offto an analog output. Test pulses of user-defined pattern and frequency can be internally generated. Comparator thresholds, number of channel for analog output and test pulses are programmable via an I^2C bus.

The analog signals from60 pads are processed by each CIPix.Synchronously withthe fourfoldHERAclocksignal, the 15 digitaloutput channels ofthe CIPix givefoursuccessive words with15 bits each. The FirstWordbittags the firstof these wordsand willallowto maintainthe synchronizationwiththe HERAclock signal at the receiver unit. Together they form the 16 bitrigger word. AnEmptyDataSet-signal,generated inthe case ofmissinginputson all64 input pads of the CIPix,serves as the EmptyDataSet bit. This 17th bit willalso be used for a very fast cosmic trigger.

Schematic of the CIPix IC.

On-Detector Electr onics Unit

CIPix IC

Each on-detectorunitcollectsthe charge from , amplifiesand digitizes this information and performs a two step multiplexing (four- and 16-fold).

After electro-optical conversion, these light pulses are sent to the receiver unit. Thecharge on the pads isread-out viamicro coax cables to the rear endflange of the CIP. For each segment, a connector (FujitsuFCN 298, 120 contacts, 500 m pitch, 2.5 mm height) passes the 120 channel pad informationto a pair of analogread-out chips : CIPix. The CIPixchip amplifies,discriminatesand fourfoldmultiplexes the signals. Further reduction is done by two 16 fold multiplexer,leaving twodifferentialhigh-speed data channels to be transmitted by the opticalhybridto the receiver electronics unit. In addition, the analog signals are branched off before entering the CIPix discriminator to monitor the CIP. These analog test signals are also transmitted. The overall synchronizationis done with the globalHERAclocksignal received by the optical hybrid. A low jitter phaselocked-loop(PLL) unit generates a fourfoldHERAclocksignal, distributedto the multiplexerand ---inadditiontothe HERA clock signal --- to the CIPix chip. Per segment, a one-wire serialized temperature measurement is performed and processed at the cable distribution area.

For compactness, one optical hybrid serves a double segment and is mounted on one ofthe twoseparate halves of the on-detector unit.The other halfholds the PLLunitand provides the power supplies. Duetothe curvatureofthe CIP,the high-speed data channels, analog test signals and HERAclocksignalofthe other segment need to be bridgedvia a thinfourlayerflex-captonprinttothe opticalhybrid.Togetherwithbothhalves, this rigid-flex-printis implementedas an extremlyhighdense board withmicrostrip transmission lines produced by Konz & Brune (Germany).

2 120 pads ×

On-Detector Electronics Module

(HIM half).Top to bottom :

HIM, space for a cooling block, two multipexer and the connector to the CIP flanked by two CIPix ICs.

The parts behind the pencil and above the HIM are for test purposes only.

μ

2 x Analog test signal

4 x 832 Mbps data signal

Multiplexing

Afurtherreductionofchannels is achieved bybuildinga differentialhigh-speed data linkforpoint-to-pointcommunicationbetween the Hewlett-Packard(USA) HDMP 1032 transmitter and the HDMP 1034 receiver.

Both siliconbipolarchips providethe transmission of a 16 bit TTLcompatible CMOSparallelwordplusone flagbitwitha serialdata rate of221 to1190Mbps. The rate is chosen by an external reference clocksignal synchronous withthe incoming word and a hardwired jumper set.

TheHDMP1032PLL/clockgenerator locksontothe reference clocksignaland multipliesit up to the high-speed serial clocksignal. From the parallel word a special fourbitencoding informationis generated, proceeding itand givingtogether the 20 bitdata word. Onthe one hand, the encodingensures the DCbalance ofthe serial line.The sign ofeach data wordis determined and compared withthe signs ofthe previousone. Inthe case ofequal signs, an inversionofthe actual wordisdone tokeep 50%dutycycle.Additionally,itprovidesan errordetection,taggingwronglytransmittedwordsand includes an user-controlledflag bit. On the other hand, the unique bitpattern ofthe encoding scheme emulates the high-speed clocksignal and thus saves an additionalclocksignal linebetween transmitterand receiver. The data wordis serialized and leave the HDMP1032 as a differential terminated ECL compatible high-speed signal.

The HDMP1034 receivers’ClockData Recovery unitseparates encoding and parallelword,extracts the high-speed serial clocksignal and locksto its phase and optionallytothe frequencyofan (other)externalreference clocksignal.The parallelwords are (eventually)invertedand paralleled. The Parallel Automatic SynchronizationSystem synchronizes these wordswiththe reference clocksignal. Amaster-slave mode allowssynchronizationofseveral HDMP1034 chips :Adeviationofthe relativephase ofparalleloutputwordand the reference clock signalgenerates a shiftrequest, passed to the master. The master controlsthe delay of all outputs of all slaves.

Each 16 bittriggerwordis serializedbya HDMP1032 chip.The EmptyDataSet bitis used as inputforthe flagbit;the fourfoldHERAclocksignal provides the reference clocksignalforbothHDMPchips. Transmitted bythe opticalhybrids with a data rate of 832 Mbps, the receiver chip re-parallels the information. Fourtransmitter/receiverchippairs ---one foreach CIPix---are used per module.

100Ω

Optical Hybrids

The optical hybrids constitute the interface of the electrical and the optical regime.

Followingthe dataflowfromthe CIPtothe trigger electronics, the optical hybrid on the on-detectorunit(HIM)acts as a driver for the outgoing data words and analog test signal channels and as a receiver for the incomingHERAclocksignal.The opticalhybridon the receiver unitside (De- HIM)acts viceversa. The interfacingpins require or deliverdifferentialCMOSlogic signals for each channel, respectively.

Each HIM/ DeHIMpair serves one double segment, i.e. transmittes four multiplexed data channels, two analog test signal channels and two HERA clock signal channels via an optical fiber array with eight fibers. Commercialsolutions fail,because of the asymmetric bidirectionalityand the very tightspatial boundary conditions.The outer dimensions of the opticalhybrids are at most.

The fourdata channels are drivenby the HelixHXT2000 chip optimizedfor vertical cavity surface emitting laser diodes (VCSELdiodes). The VCSELdiode convertthe electricalsignal to opticalpulses. After40 m optical fibers, PIN diodes reconvert the opticalback to electricalsignals. These are amplified by the Helix HXR2004 receiverchipand produce four differentialdata signals. Control pins at the hybridallowto steer the HXT2000 or HXR2004 and to monitorthe VCSELdiodes’ current. The twoanalog test signals are matched withrespect to the VCSELdiode specifications by Maxim (USA) MAX 4212 chips. Microcosm(USA)MC 2011-2 receivers covertthe PINdioderesponses back to differentialsignals, amplifiedby a MAX4212 chip.Standard SZ 125 driverare used forthe HERAclocksignals.

HIM. To the upper middle the

HXT2000. Below the nut, the VCSELand PIN diode arrays.

41 mm 33 mm 6 mm × ×

DeHIM.To the upper middle the

HXR 2004. Below the nut, the VCSEL and PIN diode arrays.

2 x HERA clock signal

Stefan.Lueders@desy.de 09/2000