Performance of Proton Irradiated Diamond Detectors

The RD42 Collaboration presented by D.Meier 2^{nd} Int.Conference on Radiation Effects on Semiconductor Materials, Detectors and Devices Florence, March.4-6, 1998

Contents

• CVD Diamond Detectors • Proton Irradiations • Charaterization on Diamond Samples • Analysis of Diamond Strip Detector

CVD Diamond Detectors

RD42 Collaboration

W. Adam^1, C. Bauer^2, E. Berdermann^3, P. Bergonzo^4, F. Bogani^5, E. Borchi^6, M. Bruzzi^6, C. Colledani^7,

J. Conway^8, W. Dabrowski^9, P. Delpierre^{10}, A. Deneuville^{11}, W. Dulinski^7, B. van Eijk^{12}, A. Fallou^{10},

F. Foulon^4, M. Friedl^1, C. Jany^4, K.K. Gan^{13}, E. Gheeraert^{11}, E. Grigoriev^9, G. Hallewell^{10}, R. Hall-Wilton^{14},

S. Han^{13}, F. Hartjes^{12}, J. Hrubec^1, D. Husson^7, H. Kagan^{13}, D. Kania^{15}, J. Kaplon^9, R. Kass^{13},

K.T. Knöpfle^2, M. Krammer^1, P.F. Manfredi^{16}, R.D. Marshall^4, D. Meier^9, M. Mishina^{17}, F. LeNormand^7,

L.S. Pan^{13}, V.G. Palmieri^{18}, H. Pernegger^1, M. Pernicka^1, A. Peitz^8, S. Pirollo^6, K. Pretzl^{18}, V. Re^{16},

J.L. Riester^7, S. Roe^9, D. Roff^{14}, A. Rudge^9, S. Schnetzer^8, S. Sciortino^6, V. Speziali^{16}, H. Stelzer^3, R. Stone^8,

R.J. Tapper^{14}, R. Tesarek^8, G.B. Thomson^8, M. Trawick^{13}, W. Trischuk^{19}, R. Turchetta^7, A.M. Walsh^8,

R. Wedenig^9, P. Weilhammer^9, H. Ziock^{20}, M. Zoeller^{13}

1 Institut für Hochenergiephysik der Österr. Akad. d. Wissenschaften, Austria 2 MPI für Kernphysik, Heidelberg, Germany 3 GSI, Darmstadt, Germany 4 Centre d’Etudes de Saclay, Gif-Sur-Yvette, France 5 LENS, Florence, Italy 6 University of Florence, Florence, Italy 7 LEPSI, CRN, Strasbourg, France 8 Rutgers University, Piscataway, U.S.A.

9 CERN, Geneva, Switzerland 10 CPPM, Marseille, France 11 LEPES, Grenoble, France 12 NIKHEF, Amsterdam, Netherlands 13 The Ohio State University, Columbus, U.S.A.

14 Bristol University, Bristol, U.K.

15 Lawrence Livermore National Laboratory, Livermore, U.S.A. 16 Universita di Pavia, Dipartimento di Elettronica, Pavia, Italy 17 FNAL, Batavia, U.S.A.

18 Lab. für Hochenergiephysik, Bern, Switzerland 19 University of Toronto, Toronto, Canada 20 Los Alamos National Laboratory, Research Division, Los Alamos, U.S.A.

e-mail: Diamond.Detector@cern.ch

www: http://www.cern.ch/RD42

RESMDD-98 Performance of Proton Irradiated Diamond Detectors-1 Dirk Meier

CVD Diamond Detectors

Application in High Energy Physics

• Chemical Vapour Deposition diamond detector substrate • thickness between about 100 μm to 2.6 mm possible • disk sizes 4 inch diameter • Particle Tracking using

Strips on diamond substrate (e.g. 50 μm pitch, length order(cm)), or Pixel patterns (e.g. ATLAS or CMS geometries) • Important Parameters

Charge signal, charge collection distance (now ≈ 250 μm) spatial track resolution, about digital resolution Detection efficiency, normaly ≥ 95 % on tested strip detectors noise, low leakage current, low capacitance • Radiation Resistance of diamond

electrons up to 100 MRad, γ up to 10 MRad 300 MeV/c pions, 1 MeV neutrons (work in progress) protons in this report

RESMDD-98 Performance of Proton Irradiated Diamond Detectors-2 Dirk Meier

CVD Diamond Detectors

Diamond Detector Samples

• Irradiated diamond samples with dot contacts on both sides • thickness ≈ 700 μm, size 5 × 5 mm^2

Strip mask of irradiated diamond detector, thickness 470 μm, size 1 × 1 cm^2, with 50 μm and 100 μm pitch strips, rectangular dot and guard ring.

RESMDD-98 Performance of Proton Irradiated Diamond Detectors-3 Dirk Meier

Proton Irradiations

Charge Collection

CVD diamond proton irradiation before 1997

• Proton irradiation at TRIUMF, 1994 and 1995 • Proton fluence: ≈ 8 × 10^{13} p/cm^2 • Proton flux: ≈ 8 × 10^8 p/cm^2/s • Proton momentum: 500 MeV/c

• no decrease in charge collection

RESMDD-98 Performance of Proton Irradiated Diamond Detectors-4 Dirk Meier

Proton Irradiations

Induced Current

• Proton flux: ≈ 8 × 10^8 p/cm^2/s

• induced current is proportional to proton flux

RESMDD-98 Performance of Proton Irradiated Diamond Detectors-5 Dirk Meier

Proton Irradiations

Proton Irradiation, CERN, 1997

• RD42 in ATLAS/SCT proton irradiation • Date: two weeks in June 1997 • Location: CERN, Proton Synchrotron, beamline T7 Irradiation setup

• Proton fluence: 0 to 5 × 10^{15} p/cm^2 • Proton flux: up to 2.9 × 10^{10} p/cm^2/spill, one spill of 300 ms, twice or three times in 14 s • Proton momentum: 24.2 GeV/c

RESMDD-98 Performance of Proton Irradiated Diamond Detectors-6 Dirk Meier

Proton Irradiations

Dosimetry

• Dosimetry

1. Al-foils and^{24}Na activation 2. Counting clock from emission chamber (SEC1) 3. Summing current from emission chamber (SEC3)

• Values from both emission chambers interpolate foil dosimetry

RESMDD-98 Performance of Proton Irradiated Diamond Detectors-7 Dirk Meier

Proton Irradiations

Samples and Final Fluences

• Three diamond samples, same wafer • One diamond tracker, similar quality like other three samples • One silicon diode (p-on-n, 350 μm) for comparison • Irradiation at room temperature

• After 70 h irradiation increase from 2 spills to 3-spill extraction • Final fluence 5 × 10^{15} p/cm^2

RESMDD-98 Performance of Proton Irradiated Diamond Detectors-8 Dirk Meier

Charaterization on Diamond Samples

Charge Collection, Setup and Signal

• Diamond connected to high voltage on e.g. growth side • Collimated^{90}Sr β-source illuminates sample • Substrate side of diamond is coupled to readout chip • Readout:

VA2-chip, 128 channels, charge integration, signal shaping of 2 μs. Low noise of 80 e� ENC on 20 mm^2 sample.

• Silicon diode in line with diamond and source triggers readout

RESMDD-98 Performance of Proton Irradiated Diamond Detectors-9 Dirk Meier

Charaterization on Diamond Samples

Charge Collection, Histogram

• Landau-Gauss-convolution fits charge signal distribution • About 12% decrease observed at 3 × 10^{15} p/cm^2 • Most probable value shows no decrease after irradiation

RESMDD-98 Performance of Proton Irradiated Diamond Detectors-10 Dirk Meier

Charaterization on Diamond Samples

Charge Collection, Histogram

• most probable signal constant up 5 × 10^{15} p/cm^2 • mean value decreases by ≈40% due to less events in Landau tail

RESMDD-98 Performance of Proton Irradiated Diamond Detectors-11 Dirk Meier

Charge Collection vs Voltage

• charge collection vs voltage (example)

RESMDD-98 Performance of Proton Irradiated Diamond Detectors-12 Dirk Meier

Charaterization on Diamond Samples

Pumped Charge Collection vs Fluence

• Charge collection distance after irradiation

• Charge collection distance measured

constant up to 1 × 10^{15} p/cm^2 decrease between (3 × 10^{15}...5 × 10^{15}) p/cm^2 slope −14 %/10^{15} p/cm^2 fits intersect at 2 × 10^{15} p/cm^2 • Conclusion: decrease in ccd sets in at 2 × 10^{15} p/cm^2

RESMDD-98 Performance of Proton Irradiated Diamond Detectors-13 Dirk Meier

Charaterization on Diamond Samples

Pumping Charge Collection

• Exposure to e.g.^{90}Sr pumps diamond and ccd increases • Illumination with fluorescent light releases traps, ccd decreases • Measure charge collection during exposure to^{90}Sr

• Samples are pumped after proton irradiation • Fluorescent light decreases ccd, but^{90}Sr pumping of ccd in 10 h possible • Here 10 h under^{90}Sr correspond to 10 krad

RESMDD-98 Performance of Proton Irradiated Diamond Detectors-14 Dirk Meier

Charaterization on Diamond Samples

Pumping Charge Collection

• Comparison with Pion irradiated samples

• Observation:

ccd pumping is exponential with time slope of exponential pumping is proportional to fluence ... this measurement is planed on proton irradiated samples

RESMDD-98 Performance of Proton Irradiated Diamond Detectors-15 Dirk Meier

Charaterization on Diamond Samples

Induced Currents during Irradiation

• Measure current in diamond during irradiation • On-spill is ≈ 300 ms protons passing sample • Off-spill, no protons, ‘most’ of the time in 14 s PS cycle

• On-spill currents correlate with proton flux • Off-spill current diamond: constant (nA) up to 1 × 10^{15} p/cm^2

RESMDD-98 Performance of Proton Irradiated Diamond Detectors-16 Dirk Meier

Charaterization on Diamond Samples

Induced Current in Silicon

• .. and silicon for comparison

• On-spill currents correlate with proton flux • Off-spill current silicon: increase (μA)

RESMDD-98 Performance of Proton Irradiated Diamond Detectors-17 Dirk Meier

Analysis of Diamond Strip Detector

Noise

• Signal distribution on strips which had no hit give noise • Noise is determined by front end amplifier, • ... here 130 e..150 e per strip

• Noise about unchanged after irradiation

RESMDD-98 Performance of Proton Irradiated Diamond Detectors-18 Dirk Meier

Analysis of Diamond Strip Detector

Spatial Resolution

• Difference between measured hit and predicted track position • ... gives nearly Gaussian residual distribution • here center of gravity method

• Standard deviation is spatial resolution about 18 μm • Resolution is unchanged to before irradiation

RESMDD-98 Performance of Proton Irradiated Diamond Detectors-19 Dirk Meier

Analysis of Diamond Strip Detector

Efficiency (PRELIMINARY)

• Definition of efficiency

efficiency =^{number of events above signal threshold}

all events

• Here with threshold ca. 4× noise charge

• Efficiency unchanged to before irradiation

RESMDD-98 Performance of Proton Irradiated Diamond Detectors-20 Dirk Meier

Conclusion

• CVD diamond samples irradiated with 24 GeV/c protons • charge collection distance

constant up 1 × 10^{15} p/cm^2 linear decrease between (3 × 10^{15}...5 × 10^{15}) p/cm^2 slope −14 %/10^{15} p/cm^2 fits intersect at 2 × 10^{15} p/cm^2 decrease in ccd sets in at 2 × 10^{15} p/cm^2 • particle induced on-spill current in diamond correlates with proton flux mean current (several μA) does not change with fluence • Diamod strip tracker

efficiency unchanged spatial resolution unchanged after 3 × 10^{15} p/cm^2 • off-spill current remains constant • leakage current after irradiation few pico Ampere

RESMDD-98 Performance of Proton Irradiated Diamond Detectors-21 Dirk Meier