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Overview

Pixel detectors with the ATLAS production design (oxygenated

silicon sensors + DSM rad-hard electronics) have been irradiated to
1.1 x 10%° Neq cm~2and 600 kGray.

They have been tested at CERN with a 180 GeV pion beam.

The following measurements have been performed:
e Depletion depth
e Charge collection
e Detection efficiency

e Spatial resolution




ATLAS Pixel sensors

P-spray with high

uniform P-spray and low dose area

n/p

I I
High field regions High field regions

Oxygenated silicon

50 x 400 pm? pixels

250 pm thickness

2

8 X 8 mm~* (single chip) or

16 x 64 mm? (module) size




Irradiation

Several single chip assemblies with oxygenated silicon have been
irradiated to 1.1 x 10'® neq cm™?and 600 kGray.
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Testbeam setup

4 planes of double-sided microstrip planes track the particles with a

resolution of ~ 6 pm at the pixel detector planes.

Pixel detectors are inside a cold box.
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Measurement of depletion depth

bias = 900V
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Not uniform irradiation
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observed for all the irradiated detectors.




summary of depletion
measurements

| Depletion vs Bias |
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Pulse height

The charge is measured using the time over threshold of the signal.

The accuracy of the calibrations is about 10%
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Pulse height vs depletion

The most probable pulse height measured at 0 degree incidence angle

scales as the depletion
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Charge collection uniformity
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charge vs x-y

Charge collection as a function of track position inside a pair of pixel
cells
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QJ. .
Efhiciency
Efficiency as a function of the difference between the arrival time of

the particle (from a scintillator) and the clock edge

e =982 %
T=1.75 ns
o= 4.34 ns

efficiency
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Spatial residuals

Irradiated detector at 10 degrees incidence angle

AMS310b 600 V, 10 degrees
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Residuals with charge interpolation
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Effective incidence angle in ATLAS

tilt angle = 20 degrees

Lorentz angle = 5 degrees
at 600 V, full depletion
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Conclusions

ATLAS Pixel detectors with oxygenated silicon sensors have been

irradiated to the design fluence and operated at the test beam.

The depletion depth and charge collected were consistent with
expectations and allowed to obtain the efficiency and spatial

resolution required in ATLAS.
The depletion depth at 600 V is 229 £ 8 um
The detection efficiency is 98.2 %

The spatial resolution at 10 degrees is 9.6 um
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