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The Large Hadron Collider at CERN
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The ATLAS Experiment at the LHC
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-~ The ATLAS Pixel Detector

ATLAS Pixel detector

3 disks each with 8 sectors
and 48 modules
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. Radiation Tolerance @ 103*cm—2s

e Radiation map of the inner detector:
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Sensor Strategies (|)

e Usage of DOFZ: diffusion oxygenated float zone silicon
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Sensor Strategies (|)

e Usage of DOFZ: diffusion oxygenated float zone silicon
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e Operation conditions avoid reverse annealing
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Sensor Strategies (1)

e design of bulk
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%< Sensor Strategies (1)

e design of bulk and surface
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w Sensor Strategies (1)
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Sensor Layout

AICuSi

— LPGX{ Nibie

Isolation of n+ implantations:
moderated p-spray
substrate N-
multi guard ring

on the p-side

LP CVD nitride

AlCUSi plasma nitride
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Sensor Layout

AICuSi

plasma nitride
P CVD nitride

Isolation of n+ implantations:
moderated p-spray
substrate N-
multi guard ring

on the p-side

LP OVD nitride

AlCUSi plasma nitride

46000 pixel cells
a 50x400(600) pm?2

e Production and full testing
of 1000 wafers (2500 tiles) finished
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Read-out Electronics

deep sub-micron
<«—— radiation tolerant —

ol ]
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16 front end chips (FE) Readout Buffers (ROB)
1 module controller chip (MCC) Timing Control (TIM)
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One of 80 Million FE Cells

/ "i 20 ns risetime |*
—
“"-w-\.;_,_ "'Lu..,%%
R - K"‘NMH”‘“‘-.K
. . . e H“’“\x ]
- measure width of hit IS :"‘ s e
. - . - works nicely due to ' A I R I
- high stability for fast shaping linear discharge
- tolerates > 100 nA leakage 9 Pk s chatr Aooe
- linear decay 't threshold
- resno
Q0 o m
Sensor
connects | I | H
here | —

Cfb I
| \ RAM
B -O— Obe

C

inj

B
1 |

f RAM
o ‘
e : mask
- threshold 5 bit trim value [>—p gz::/l
- ranges are adjustable | global
: e L Fast-
Inject Bump pad Preamplifier = Tune  Discriminator Mask OR Readout

5#} Reiner Klingenberg U Dortmund



< The ATLAS Pixel Module

= sensor + FE electronics + loaded flex hybrid
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.—+ Module production & tests

* 1744 pixel modules are needed for the full pixel detector

FLEX module production

2500
2000 | Bare delivered i ff:i:
-+ Assembled ¥ /_ -
8 1500 1 Tested A
§
2 1000 WP
//:/ n"'"
500 L
x#’rﬁr{
O 1 _,»,___ﬁ__.ﬁ_-i._a'—-f' & ‘

X N
gb.é\"b%\“b N jSz;‘\o 5@,&%@ N jSa‘\o 5@.@@
data

g_vlﬁj Reiner Klingenberg U Dortmund



A
E cup /S

|3
o
| G

— Module production & tests

e 1744 pixel modules are needed for the full pixel detector
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—xample of module tests

Tuning of FE cell thresholds

Module "510423"
46071 out of 46080 pixels with good fit
| Threshold map |

‘ Threshold (e): VCAL scan with sensor bias.
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—xample of module tests

Tuning of FE cell thresholds

‘ Threshold {e): VCAL scan antikill - FLEX 1. ‘

Threshold (e): VCAL scan with sensor bias.
Module "510423"

46071 out of 46080 pixels with good fit
| Threshold map |

Module "511192"
46059 out of 46080 pixels with good fit

| Threshold map |
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Tuning of FE cell thresholds

—xample of module tests

Threshold (e): VCAL scan antikill - FLEX 1.

46059 out of 46080 pixels with good fit

‘ Module "511192"

| Threshold map |

Module "511192"
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Test Beam Results

e Production modules have been tested after irradiation
10"° neqg cm™ (NIEL) and 500 kGy (ionisation)

q_vlq‘ Reiner Klingenberg U Dortmund



Beam Results

e Production modules have been tested after irradiation
10"° neqg cm™ (NIEL) and 500 kGy (ionisation)

o efficiency (TDR > 97%)
* 99.9 % before irradiation
e 97.8 % after irradiation (500V bias, fully depleted)
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Test Beam Results
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Test Beam Results
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Beam Results

e Production modules have been tested after irradiation
10"° neqg cm™ (NIEL) and 500 kGy (ionisation)

o efficiency (TDR > 97%)
* 99.9 % before irradiation
e 97.8 % after irradiation (500V bias, fully depleted)

e charge collection after irradiation
* 87 % (+ 14 %) if controlled annealing is performed during LHC breaks
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Beam Results

e Production modules have been tested after irradiation
10"° neqg cm™ (NIEL) and 500 kGy (ionisation)
o efficiency (TDR > 97%)
e 99.9 % before irradiation
e 97.8 % after irradiation (500V bias, fully depleted)

e charge collection after irradiation
* 87 % (+ 14 %) if controlled annealing is performed during LHC breaks

collected charge vs. radiation
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Beam Results

e Production modules have been tested after irradiation
10"° neqg cm™ (NIEL) and 500 kGy (ionisation)

o efficiency (TDR > 97%)
* 99.9 % before irradiation
e 97.8 % after irradiation (500V bias, fully depleted)

e charge collection after irradiation
* 87 % (+ 14 %) if controlled annealing is performed during LHC breaks

* spatial resolutions (TDR < 13 pm)

e 7.5 ym before irradiation (at incidence angle 10°)

e 9.7 um after irradiation (at incidence angle 15°)
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Beam Results

e Production modules have been tested after irradiation
10"° neqg cm™ (NIEL) and 500 kGy (ionisation)

o efficiency (TDR > 97%)
* 99.9 % before irradiation
e 97.8 % after irradiation (500V bias, fully depleted)

e charge collection after irradiation
* 87 % (+ 14 %) if controlled annealing is performed during LHC breaks

* spatial resolutions (TDR < 13 pm)

e 7.5 ym before irradiation (at incidence angle 10°)

e 9.7 um after irradiation (at incidence angle 15°)

Y = row
A
Track * these studies are being verified
} charge under combined test beam conditions
) 50 ym
1 9 4 no charge
5

- charge deposition
sensor thickness
=250 um
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Beam Results

e a sector of the ATLAS barrel
part has been used for detector
performance studies

e this emulates transversely
(high p. ) emitted particles

LAr cryostat o'y f

ATLAS Combined Test

Beam

Muon chambers

B

LAr Barrel module
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scintillator(s)

' /4
passing through the barrel =~ __ o
||| B S
|. — A I;
MBPSID g / (4

& o
7

Reiner Klingenberg U Dortmund




w
1
)

&
Ky
8 )
@ /ELECTRONIC Cl
%, 2

HIP
%2 0¥

S

/
/
(

Test Beam Results

e Production modules have been tested after irradiation
10"° neqg cm™ (NIEL) and 500 kGy (ionisation)

o efficiency (TDR > 97%)
e 99.9 % before irradiation

e 97.8 % after irradiation (500V bias, fully depleted)

e charge collection after irradiation

* 87 % (+ 14 %) if controlled annealing is performed during LHC breaks

* spatial resolutions (TDR < 13 pm)

e 7.5 ym before irradiation (at incidence angle 10°)

e 9.7 um after irradiation (at incidence angle 15°)

o efficiency of irradiated detectors under high intensity condisions, LHC-like particle flux
* read-out electronics is verfied

» efficiency is not affected by occupancy @ b-layer rate including safety margin (+ 23 %)
* onset of inefficiencies is gradual, < 3 % @ b-layer rate + 65%
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Present Work:
Pixel Detector Assembly and Integration

Staves
Disk Rings Barrel Shells

Disk Frame

Barrel Frame

Endplate ' Disk Ring Mounts
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Present Work:
Pixel Detector Assembly and Integration

services

Endcone

Staves
Disk Rings Barrel Shells

BEAM FIPE

i &
e

- SERVICE PANELS

Disk Frame

i PP 1B CORRUGATED PANELS

INSTALLATION CONFIGURATION Endplate 7' Disk Ring Mounts
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Pixel End Cap

| @ assembly of disks in sectors = 1/8 of a disk
b e ..ff_ 2x3 modules on C-C plates,
j== " sandwiching the cooling
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Pixel End Cap

assembly of disks in sectors = 1/8 of a disk
2x3 modules on C-C plates,
sandwiching the cooling

one of the end caps
3 disks a 2x24 modules
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Pixel Barrel
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Pixel Integration as of September 2006

e both half shells of layer 2 are completely filled
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Pixel Integration as of September 2006

e both half shells of layer 2 are completely filled
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Dedicated System Tests
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¢ t0 set-up the full chain of services and read-out for large parts of the detector

ATLAS Pixel readout crate master oseamemory
R‘OD controller FPGA
BOC

hit data formatter and
 CKk and command

event building
data transmitter »~command generator
to optoboards

=monitoring data
* hit data receiver generator
from optoboards

calibration
o S_Link inter face }'Iiﬁt':lgl' aims generator
to ROB ' - :

router FPGA

event fragment
buitlder FPGA
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Dedicated System Tests

¢ to set-up the full chain of services and read-out for large parts of the detector

PPO and
opto boara -Lin




Dedicated System Tests

PPO and
opto boad -Lin

cooling&opto oP1 and

cooling




ATLAS Pixel: Conclusion and Outlook

* radiation tolerant design of sensor, FE and mechanics
e performance of detector has been verified under test beam conditions

* both half shells of layer 2 are completely filled
layer 1 started to be assembled

* infrastructure for services & read-out is installed in surface building

e continue with system tests including staves & disks
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- ATLAS Pixel: Conclusion and Outlook

* radiation tolerant design of sensor, FE and mechanics

e performance of detector has been verified under test beam conditions

* both half shells of layer 2 are completely filled
layer 1 started to be assembled

* infrastructure for services & read-out is installed in surface building

e continue with system tests including staves & disks

* a three hit pixel detector is on its way for CERN-LHC
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