Evaluation of the p-stop structures in the n-side of the n-on-n silicon strip detectorY.Unno, T.Kohriki, S.Terada, T.Kondo, KEK ; H.Kitabayashi, Y.Iwata, T.Ohsugi, T.Ohmoto,

HiroshimaUniv.

; K.Wyllie,

Univ.Cambridge;

RTakashima,

KyotoUniv.Education,;

J.Siegrist, H.Spieler,

LBNL

; J.Richardson,

Univ.Liverpool

;G.Moorhead, G.Taylor,

Univ.ofMelbourne

; T.Umeda, H.Yagi, I.Nakano,

OkayamaUniv.

; P.W.Phillips, RAL ; T.Dubbs,A.Grillo, S.Kashigin, W.Kroeger, B.Rowe, E.Spencer, H.F.W.Sadrozinski, M.Wilder,

Univ.California,SantaCruz

; D.Morgan,

Univ.Sheffield

;I. INTRODUCTIONA large area (64 mm x 63.6 mm) prototype silicon stripdetector was fabricated out of 4-inch silicon wafer. It had n-implant strips in the n-bulk silicon and a large p-pad in thebackside. This was designed to work under heavy radiationenvironment such as LHC well after the type inversion of thesilicon bulk and decrease of bulk resistivity.Initially and even after the type inversion, the surface ofthe n-side is known to have the n-type characteristics due tothe accumulation layer of electrons attracted to theaccumulated positive charges in the interface of the oxide andthe bulk. This conductive layer shorts the n-implant stripsunless the strips are isolated with extra p-implant between then-strips. A conventional method is to cover the rest of areaother than the n-implant strips with the p-implant layers (full-frame p-stop structure).A new type of p-stop structures were being proposed inorder to reduce the inter-strip capacitance and to help toincrease the onset voltage of micro-discharge. The full-framep-stop has a resistivity but still is conductive and couples theneighbor n-strips. The individual/atoll p-stop structure is toseparate the p-implant only to surround the n-implant but notcontinuous. The combined p-strop structure is to overcomethe continuous conductive accumulation layer outside theindividual p-stop structures such that the individual p-stopstructures are confined in cells with an external rail of p-stopstructure.The detector fabricated had six regions where those p-stopstructures are implemented. The strip widths of the detectorare summarized in Table I and the p-stop structures are shownin Fig. 1 schematically.II. INTERSTRIP CAPACITANCEInter-strip capacitance has been measured for the sixregions. Inter-strip capacitance is the major contributor to theintrinsic noise of the detector-readout electronics. The resultsfor the regions of individual, combined, and full-framecommon are shown in Fig. 2. A sharp variaton of thecapacitance was observed below the bias voltage of 60 voltswhich is the indication that the depletion has reached to the n-side. Over the depletion voltage, the inter-strip capacitancedecreased slowly to saturation values at over 150 volts. Thisslow decrease is the indication of the accumulation layerbetween the strips. The combined and the full-common haveshown the faster decrease than that of the individual structure.III. BEAMTESTElectronics noises and the charge collections weremeasured in the detector-readout electronics chain. Twomodules (i.e.., detector-readout electronics unit) werefabricated. One module has a 12 cm strip length by daisy-chaining the two detectors and two readout planes. Thus,effectively, the p-strop structures were tested in four detectorsin the two modules.In the noise measurement, the combined structure hasshown the least noise among the three p-stop structures. Abeamtest was carried out using the 4 GeV/c pions from the 12GeV proton synchrotron at KEK. The amount of chargescollected was analyzed between the strips. The chargecollections were split into the regions around the strips and thecentral region between the strips from the positions of theincident particles. The ratios of the median charges at a biasvoltage of 200 volts were plotted in Fig. 3. In general, about90% of the charges were collected in the central regions. Incomparison of the p-stop structures, the combined structurehas shown slightly better charge collection by 2-3 % over theindividual structure.The charge collection was also measured using the 1060nm laser light.V. SUMMARYA large area (64 mm x 63.6 mm) n-on-n prototype siliconstrip detector was fabricated. It had strips of 80 micron pitchand different p-stop structures in six regions on the n-side,among them being conventional full-frame common,individual, and combined p-stop structures. An evaluationwas made for the p-strop structures in the inter-stripcapacitance, the electronic noise, and the beamtest. Thecombined p-stop structure showed an indication of lessaccumulation layer between the strips, less noise, and slightlylarger charge collection between the strips.