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M otlvation

e Detectors will be
harshly irradiated
F g Up to 3el4cm
per year
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Standard and Oxygen Enriched
Silicon — particle dependence
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L eakage Current Annealing Depletion Voltage Annealing
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Damage Projection - ATLAS Pixel Detector
- B-Layer (4cm)
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Longitudinal position (A)
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| sochronal Annealing

e 3 mechanisms
a) migration
b) complex formation
c) dissociation

En N\ J_l _JEF /\/\7\5_\

/A
(a) (b) (c)
Na 1 Neo. €Xpee— =2
Annealing Follows exponential decay: d b Neo. Engt—Tg
1 a&EAd
where t = —EeXPC—+
K ekl g

CERN, 25th September 2002 9



Simulation

e Annealing

Temperature :- Nx(data and calculated) Vs temperature
defect concentration |I., —s.
falls below 1/e-th
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Experimental procedure

Detectors provided by Hamburg group

Irradiations at CERN PS (20GeV/c protons)and PSI
(300MeV/c P 1)

Characteristics were taken for each detector after
annealing for 15 minutes, over the range 20°C to 280°C
In 20°C steps.

Plots were produced for each measurement. From
these, temperature plots were constructed and
comparisons made.
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Detector Materials

Detector Name Detector Type Resistivity
CAQ09 Standard float zone silicon 4.2k\\cm
CB08 DOFZ (24hr oxygenated) 3.6k\WWem
CC11 DOFZ (48hr oxygenated) 4k\Wem
CD19 DOFZ (72hr oxygenated) 3.37k\Wem
CZ07/CZ08 Czochralski thermal donor 1.2k\Wem
killed
CZ09 Czochralski thermal donor 1.2k\Wem
generated
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| rradiation

Set Irradiating Fluence achieved
Particle [cm-2]
12 300MeV/c pions 0.33e13
[FZ, 3xDOFZ, CZ-TD, CZ-TDK]
13 300MeV/c pions 4.18e13
[FZ, 3xDOFZ, CZ-TD, CZ-TDK]
190 20 GeV/c protons 0.08e13
[CZ-TD, CZ-TDK]
195 20 GeV/c protons 3.95el3
[CZ-TD, CZ-TDK]
197 20 GeV/c protons 5.23e13
[FZ, 3xDOFZ,]
198 20 GeV/c protons 0.15e13
[FZ, 3xDOFZ,]
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| sochronal Annealing of Irradiated
Detector (1)
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| sochronal Annealing of Irradiated

Depletion Voltage (V)
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a variation with temperature (I1=aVvF)
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Neff Variation
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fluence (1e13/cm~2) |DNeff/F
Protons (low)
CA09 (F2) 5.23] 0.606119
CB08 (DOF2) 5.23| 0.474187
CC11 (DOF2) 5.23] 0.449331
CD19 (DOF2) 5.23| 0.414914
CZ08 (CZ-TDK) 3.95] -0.66329
CZ09 (CZ-TDG) 3.95] -0.8481
Protons (high)
CA09 (F2) 9.15] 0.414208
CB08 (DOF2) 9.15] 0.420765
CC11 (DOF2) 9.15] 0.417486
CD19 (DOF2) 9.15| 0.365027
Cz08 (CZ-TDK) 9.08] -0.28744
CZ09 (CZ-TDG) 9.08] -0.57819
Pions (low)
CAQ9 (FZ) 4.18| 1.043062
CBO08 (DOF2) 4.18| 0.880383
CC11 (DOF2) 4.18| 0.901914
CD19 (DOF2) 4.18| 0.901914
CZ07 (CZ-TDK) 4.18| -0.63636
CZ09 (CZ-TDG) 4.18] -0.84928
Pions (high) 9.33
CA09 (F2) 9.33] 0.734191
CB08 (DOF2) 9.33| 0.736334
CC11 (DOF2) 9.33] 0.708467
CD19 (DOF2) 9.33| 0.709539
CZz07 (CZ-TDK) 9.33] -0.25723
CZ09 (CZ-TDG) 9.33] -0.48124
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Conclusions

a was found to vary with fluence and temperature, but
was independent of material - as expected from
previous studies

DNeff/F was lower for more oxygenated materials.
DNeff/F is not constant -> Saturation effect.

Depletion Voltage decreased for CZ material at higher
temperatures, increased for both FZ and DOFZ. Cz is
not type inverted.

‘overnight effect’ not observed for CZ N ¢

‘overnight’ effect not observed for a -> defect
producing effect is not current producing.
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