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Upgrade of LHC and ATLAS

* By 2027 the High-Luminosity LHC
should be completed

*  An extremely challenging environment
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* Measure vertices of short-lived
particles z [mm]

* Withstand the increased radiation
dose

*  To fulfil these criteria the innermost layer
is planned to consist of 3D pixel sensors
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3D pixel sensor technology (3 4

* In standard planar sensors (Fig. left), the electrodes are implanted on the top and bottom surfaces of the wafer
. In 3D sensors (Fig. right) holes are etched vertically into the silicon bulk and filled with p-type and n-type electrodes
* Advantages of 3D pixel sensors:

* Drift distance reduced - > Reduced signal loss due to charge trapping -> High radiation hardness

* Fast response time

* Drift distance decoupled from the sensor thickness

* Low depletion voltage -> High electric fields easily achieved: Low power dissipation

Planar sensor design 3D sensor design
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Efficiency on irradiated SINTEF 3D sensors

° Test beam at DESY - 4 GeV electron
beam

* D61-2 module (blue line)

e |rritated to @ =5 x 10%° neqcm'2

* 100 pm active thickness

* Efficiency reached above 97%
withV,_ =40V

* D62-1 module (orange line)

e Irritatedto ® =1 x 10 neqcm'2

* 50 um active thickness

* Efficiency reached above 96.5%
with V=80V

*  Specifications of HL-HLC reached:

* Maintaining an efficiency of 96%
with a fluence at 10 neqcm'2
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SINTEF 3D pre-production series

© SINTEF will be the tendor for 800 sensors for
the ITk

* In 2021, SINTEF completed Run-6 production
of 3D sensors - > ATLAS pre-production series

© Fabricated 24 wafers each with 24 sensors

* 6" Si-Si p-type wafer with 150 pm active
thickness

* 60 main steps in the fabrication process

*  SINTEF reported its results in “Trento”

workshop in March 2022 passivation

Al Al

*  Yield between 63-75% depending on strictness
* Better than previous runs

*  Before flip-chip and mounting, the sensors
needs to be tested

Support wafer
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ATLAS ITk group in Bergen

At UiB developing a facility to test
components for implementation in the 1Tk

Quality assurance (QA) on pre-production
components

In future perform Quality control (QC) on
production components

Testing procedures:

* Electrical characterization on bare 3D
sensors — Mechanical probe station

* Metrology on bare 3D and planar
modules — SmartScope

Colleges in Oslo assembly full modules
and ship them to Bergen

* Test fully assembled 3D modules —
Complete test setup w/DAQ software

Next slide show results from electrical
testing
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Electrical testing on pre-production SINTEF 3D sensors bOS

IV on Non-irradiated 3D full sensor die (Normalized to 20 degrees)

. \V4 (Current_vo|tage Curve) on four Conditions: (T=21.5+1°C) (RH:48%8%). Alternative IDs: V9-1-
non-|r|’ad|ated fu” Sensor Samples ® 610-1-011 ® 613-1-008 © 623-1-001 ® 623-1-002 - SINTEF G10-S11 = SINTEF G13-S8  SINTEF G23-S1 ~ SINTEF G-23-S2
from SINTEF o
. . 20 rd
*  Measured with a mechanical probe

station build inside a clean room

* IV showed two sensors with an early
breakdown (green and )

Leakage Current [uA/cm2]

S Two sensors with breakdown late
breakdown (blue and red)

*  Good agreement with results

obtained by SINTEF (faded lines) 0 : o T e s e SRR RE e
Reverse Bias Voltage [V]

*  Able to successfully test ITk sensor
samples with the probe station
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Summary 'Y 4

Background

High-Luminosity LHC leads to a challenging environment for the ATLAS tracking system
Use radiation hard 3D pixel sensors at the innermost layer

UiB building a facility to test planar and 3D sensor components for implementation in the Inner Tracker (ITk)

Results
Test beam results on 3D silicon sensors from run 4 shows high radiation hardness

Irritated modules had an efficiency above 96% after ® = 5- 10 x 10** n_ /cm?

The 6™ run of 3D detectors at SINTEF MiNalLab has been completed
* This will be the final production design for the 3D sensors at ITk
At Bergen, just started to test sensors from Run 6

* Preliminary results from electrical testing shows good agreement with measurements done at SINTEF
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Thank you for your attention!
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(A 4

Efficiency map on non-irradiated SINTEF 3D sensor

* 50 ym x 50 uym pixel size 54

* Plot shows an efficiency map averaged 10
over 2x2 pixels

* Efficiency map from test beam at CERN Rj53 RD53A-D59-1
*  Measured in 180 GeV pion test beam: 5905_
* Pointing resolution of 5 ym 80F
70F
*  D59-1 module F
60 F
* Non-irradiated sensor 50
* 100 pm active thickness a3
30F

0

0 10 20 30 40 50 60 70
*  Overall efficiency was 98.6% atV =10V

* Inefficient regions visible due to the p+
electrodes

*  Consisted with the pointing resolution of
the reconstructed track
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SINTEF

Wafer type

Active
thickness

Electrode
diameter [um]

Recent history of 3D technology at SINTEF

[um]

2006  Run-1 4" SOl 230 15 N-type, low mechanical yield

2008 Run-2 4" SOl 230 15 50% yield (roughly)

2010 Run-3 4" SOl 230 15 Low yield (2 out of 24 wafer ok)

2018 Run-4* 6" Si-Si 50 & 100 4 Very good yield (FE-14 layout)

2019 Run-5* 6" Si-Si 150 OK yield (RD53 A/B with active edge)
Completed Feb. 2021.

2021 Run-6* 6" Si-Si 150 6 ATLAS pre-procuciion.

(RD53 A/B with common layout with FBK,
slim-edge termination)

*funded by Norwegian ATLAS R&D

Marco Povoli at "Trento” Workshop on Advanced
Silicon Radiation Detectors
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Selection criteria for yield calculation 'Y X |

Specifications given in the tender:
¢ Cpix < 100pF (from C-V of 3D diode) v

i Marco Povoli at "Trento”
¢ Viepr < 10V (from C-V of 3D diode) v’

Workshop on Advanced
Silicon Radiation Detectors

s Vpp > Vdepl + 20V v

Ik (Viepi +10V)
Ik (Vaep +5V)

o 1;x(20°C) < 2 5uA/em?

* SLOPE: <2V

TIER4+3+2
WAFER #  Thickness [um] SENSOR TYPE # of sensors

G17 150 + 500 RD53B 24 2
G15 150 + 500 RD53B 24 3 0 1
Gll1 150 + 500 RD53B 24 4 o] 1
G14 150 + 500 RD53B 24 3 1 1
G7 150 + 500 RD53B 24 3 0 3
Gl8 150 + 500 RD53B 24 3 ] 3
Gl 150 + 500 RD53B 24 2 1 4
G12 150 + 500 RD53B 24 6 0 1
G16 150 + 500 RD53B 24 4 2 3
G20 150 + 500 RD53B 24 5] 1 0
G21  150+500 RD53B 24 3 0 4
T2-2 | 150+500 RD538 24 6 0 1
G5 . 150 + 500 RD53B 24 7 0 1
G19 150 + 500 RD53B 24 6 0 2
G22 150 + 500 RD53B 24 8 0 0
G2 | 150 + 500 RD53B 24 5 2 2
] _24 150 + 500 RD53B 24 9 0 0
G4 150+ 500 RD53B 24 3 1 6
T2-1 150 + 400 RD53B 24 5] 1 3
G3 . 150 + 500 RD53B 24 5] 0 5
G6 150 + 500 RD53B 24 7 1 3
G8 150 + 500 RD53B 24 7 2 3
G9 150 + 500 RD53B 24 7 2 3
150 + 500 RD53B 24 10 0 2

150 + 500 RD53B 24 9 0 4

150 + 500 RD53B 24 21 3 0

RD53B TOT.

TOT. 63.46 % 72.44% 75.16 %




. Designed by the RD53 collaboration:

* 20 institutions with the support of
both ATLAS and CMS experiments

*  Prototype ASIC developed for testing
purposes

*  Front end with three per-amplifier
designs:

* Synchronous

. £ nchrono
° H
Linear Linear
» Differential Differential

C Results shown are on the Differential
Front-end
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IT on G13-B4 full sensor die 'L 4 )

. ID: V9-1-000613-1-008 IT on Non-irradiated 3D sensor die (G13-B4)
Conditions: (T=21.8+£0.5°C) (RH:51-54%). Alternative IDs: V9-1-000613-1-008
5.00
N 48 hours IT
__ 438
N
. o (o g 3.75 (=
* Logging humidity and =L
temperature s a1
()
E 250
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IT on Non-irradiated 3D sensor die (613-B4) 2022-11:28
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IV on G10-F6 40x40 test structures

Leakage Current [uA/cm2]

IV on unirradiated 3D test structures
Wafer G10, 40x40 test structures. Conditions: (T=21+1°C) (RH:56%+4%). Alternative IDs: V9-1-000610-9-

40

30

20

0 5 10 15 20 25 30 35 40 45 50 55 60
Reverse Bias Voltage [V]

V9-1-00610-9-(110-139): 9 in total * Intersectat~40V

Leakage current at ~ 4-5 pA/cm?at 25 V * Data indicates some geographical

. dependent characteristics of the IV
Depletion at 5V P

L] 1 t
Breakdown at 55 — 59 V (well above Ongoing study

specification at 25 V)
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