SUB 60 ps TIMING RESOLUTION USING LARGE AREA SILICON AVALANCHE DIODESA. Hauger, A. Hirsch, N. Porile, R. Scharenberg, B. C. Stringfellow, and M. TincknellPurdue University, Physics Dept.West Lafayette, IN 47907-1396G. RaiLawrence Berkeley LaboratoryUniversity of California, Berkeley, CA 94720

IntroductionThe new generation of plannedexperiments in high energy and nuclear physicsrequires high pixel density time-of-flightdetection systems which mark the occurrence ofan event with sub-100 ps accuracy.Conventional fast phototubes and scintillators donot easily lend themselves to large scalemechanical and electrical integration andgenerally prove to be very expensive.As an alternative technology, we reporton the development and optimization of SiliconAvalanche Diodes (AVDs). The project is in partstrongly motivated by the STAR experimentplanned for the Relativistic Heavy Ion Collider(RHIC) facility at BNL. The time-of-flightcomponent of STAR is expected to operate in a0.5T magnetic field and is highly segmented.Two applications are being considered.The first concept relies on the large number ofelectron-hole pairs (~100 pairs/m) created alongthe path of a particle passing through the AVDand on the various collection times which areinherently short. Using modern epitaxialtechniques it is possible to produce a 4" siliconwafer with approximately 50 AVDs arranged inclusters of four. The ancillary readout electronicsfor each cluster would be located directly behindthe first wafer. The second idea utilizes the AVDas the active element in a nov1el kind of hybridAVD photomultiplier tube. The concept ofmaking hybrid tubes with ordinary silicon diodesis not new2. There is currently a widespreadinterest in proximity-focused hybrid PMTs foruse in single photon counting, in spectroscopy,and in calorimetry3. However, our AVD hybridscheme emphasizes high speed timing. Initiallyan incoming photon is converted on aphotocathode into an electron, which in turn isaccelerated over a small vacuum gap andimbedded in the depletion layer of the AVD.Since the penetration is a few m deep, only alocal "ball" of ionization is deposited justbeneath the surface of the AVD. The ionizationelectrons are swept into the avalanchemultiplication region without suffering seriousdiffusion. In principle therefore, the AVD notonly provides favorable gain but additionally afast timing signal with low transit time jitter.In this paper we describe the progressmade in a step-by-step program to develop andevaluate prototype devices. As our first goal wehave examined commercially available low k (~-0.02) value AVDs which could, in the shortterm, be adapted and tested for timingcharacteristics and verify a proof of principle.

Avalanche Diode DescriptionLarge area (5x5 mm2 sensitive area,120m thick, C= 20 pF) photo avalanche diodesof the "reach through" geometry were purchasedfrom EG&G Optoelectronics Division, Montreal,Canada4 and assembled with the followingmodifications:a.a thin metallic layer was added to the p+side of the AVD to decrease the spreadingresistance,b.each AVD was mounted in a sealed3.8xl3x33 mm3 metal enclosure together with alow noise, 100 MHz bandwidth, transimpedancepreamplifier,c. a glass window, normally set in frontof the AVD to transmit optical light to the diode,was replaced by an opaque Beryllium window 1mil thick to allow the passage of electrons withminimal multiple scattering,d.two capacitors were added on oppositeedges of the diode to buffer the high voltage; thisarrangement minimized signal transit time acrossthe diode surface.

Performance and ResultsThe tests consisted of exposing twoAVDs in coincidence to minimum ionizing particles and recorded the time difference forseveral thousand events. The minimumionizing particles were beta electrons from a106Ru source which has an end point energy of3.5 MeV. These particles were collimated, sentthrough the AVDs and stopped in a plasticscintillator coupled to a PMT (Figure 1). Apulse height cut on the scintillator signal selectedthe high energy tail of the beta spectrum and atriple coincidence was required among the AVDsand the scintillator to trigger an event. Theelectronics consisted of commercially availableNIM modules. With this system, the electronictime dispersion per channel was determined to be5.4 ps.

of particular concern to us because of its intendedapplication in an accelerator environment. Weshall study the AVDs after exposure to differentlevels of radiation. Figure 3. Time-of-flight after CoincedenceSpectrum after Correcting for Slewing Effectts.Figure 4. Multiplication vs. Bias Voltage.

12R. Desalvo, W. Hao, K. You, Y.Wang, C. Xu,submitted to NIM,1991.3P.Cushman,M. Iouse, B. Johnson,M. Madden,R. Rusack, M. Szawlowski, to be published,19924G.A. Petrillo & R.J. McIntyre, IEEE Trans.Nucl. Sci., 31, 417, (1984)