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LHC upgrade kop oo

ATLAS X ITk
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e High Luminosity LHC (HL-LHC)
* 19 ->55 Pile-up events * 140-200 Pile-up events 2



https://hilumilhc.web.cern.ch/content/hl-lhc-project
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Phase-2 challenges LN

ATLAS ¥ ITk

* Present Inner Detector pixel technology will not be able

to cope with the challenges of the HL-LHC ff event @ 140 avg. pileup

* Particle multiplicity

e About 10 times more track density 7
* Needs better tracking granularity %
e Bandwidth saturated E
* Radiation damage - W el B
e Radiation dose becomes critical closer to § y
the beam line oo S| %
* Total lonizing Dose (TID) up to 10 MGy gl s
* Particle fluence up to 2 x 10%6 n,,cm o = .
in the pixel region 2
wn
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A new Inner Tracker (ITk) is necessary!



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2021-024/
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The ITk pixel detector ks

ATLAS ¥ ITk

New layout with 5 pixel barrel layers & large n coverage

ATL-PHYS-PUB-2021-024

450

= s S B S B L I e B S
E 400 E_A TLAS Simulation Preliminary ITk Layout - ATLAS-PZ-lTK-23-00-00_E _
= = n=10 n=20 = & ATLAS Simulation C
350 = = FLUKA + PYTHIA8 S
- 3 £ Tk Inclined Duals 107 o
300 = n= 3.0 — ') o
= O rr S
= < X =
250 —] 2 g “;_
I EEAR = Q) 16
200 / — 0 8. 10° 2
e E ® o £
150 —] v Q 2
n=4.0 - : —+ c
100 3 L o 10" 3
oy - a 'e) =
50 = o Z -
0 e T P B R R B @ 0% .......... y n
0 500 1000 1500 2000 2500 3000 3500 Y 0 50 100 150 200 250 300 10
z [mm]

z [cm]

* Sensor technologies:
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2
e Outer pixel layers (3 layers) g 1e15 neg/cm
* n-in-p planar silicon sensors (150 pum thick) ‘ci)f—’r,
=)
* Inner pixel layers (2 replaceable layers) =3
* Thin n-in-p planar silicon sensors (100 um thick) §
* 3Dsilicon sensors
 Barrel: 50x50 pm? ~2x16 ngq/cm?



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2021-024/
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Planar sensors in ITk .
. ATLAS X ITk

* Thin n-in-p planar sensors
* IBLis presently using 200 um thick n-in-n planar sensors with 50x250 pum? pixel cells
e ITk will use 150 (100) um thick n-in-p technology (single-side process) with 50x50 um? pixel cells
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. Guard Rings  n-substrate - -
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* Different testing solution employed
* Punch Through (PT)
* Bias rail and Bias Resistor (BR)
*  Temporary Metal (TM)
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* Quad modules
* 4 chips connected to 1 large sensor (4x4 cm2)
* Inter-pixel region covered with larger pixels

. ) ) Wire bonds Sensor Flex with SMDs Glue (Araldite)
Quad inter-chip region Flex PC
Pixel size Sensor
e 50x50 um?
e 100x100 pm? Local support
e 50x100 pm?or 100x50 um? 4xFEs Glue (Stycast) FE chips Bump bonds
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3D sensors in ITk s o
ATLAS ITk.
o o 4 i E E E E E EEEEEEEEEEEEEEEEEEEDR
* New single-side technology m Standard FE-14 250x50 pm?, 2E .
* Conductive support wafer (Si-Si) - 250 pm -
* Both electrodes etched from the same side . Alconnection " juncton [ &1 3
[ T =
. . = | T -67um > u
e Thin active substrates (150 um) . o o mic
. |
* Reduce cluster size and data rates - E
9 n w
° ° ° | |
* Small pixels (high occupancy + resolution) = pestop : | @
Q | N
* Rings: 50x50 pm? = B | £ e =
* Flat barrel: 25x100 um? = 3 P WPt e z
* Forimproved impact parameter resolution - 20pm- | =
Q
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° Tripletmodules JEUSEEEEEEEEEEEEEEEEEEEEEEED %
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* Three single-chip bare modules (sensor + chip) 5°x5:0“m B 2500um%1E - e | 5
“m ]
connected to the same flex PCB - 100 ym - .
a N m —
« Common voltages . o | S I/‘ I o3
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- Le=52 pm [ N
= Le|=35 Hm | | w
™ | |
n | |
™ | |
Y Si0, | |
» " :
i f " A L
“m he | |
m E |
: N ] ]
- : g Lowp .
g i 3 o T = o = 3 »
B o SR PR IO o -
Ring design (prototype) Barrel design (flnal) :llllllllllllllllllllllllll- 6




Sensor pre-production evaluation
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Sensor producers

Acron

HAMAMATSU

-5¢

(HPK)

FONDAZIONE
BRUNO KESSLER

SINTEF

Centro Nacional de Microelectrénica

%} (Lab

Iréne Joliot-Curie

Laboratoire de Physique
des 2 Infinis

technische universitat
dortmund

NIVERSITA
| TRENTO

GEORG-AUGUST-UNIVERSITAT
7 GOTTINGEN

Trento Institute for
Fundamental Physics
and Applications

Quality Control (QC):

* IVonallsensors

* IV andCV on a sub-sample of
diodes

CERN
\

/S

ITk institutes

1IEA =)
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Lancaster .-
University *

©KEK

Max-Planck-Institut fiir Physik
(Werner-Heisenberg-Institut)

Hybridization

ANDVACGCAM

Imaging the Unseen

~ Fraunhofer

1ZM

2~ LEONARDO

(Thinning) + Dicing
A few sensors are spare from flip-
chipping and sent to ITk institutes
for QA evaluation

Quallty Assurance (QA):

Electrical tests and
Irradiations of bare-sensors
and test structures (diodes,
strips, ...)
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Depletion voltage

ATLAS X ITk

HPK diodes (un-irradiated)
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. ATLAS ITk-Pixels »  W5TS1D1_G6 60.7V
IR I wssizassisv o Depletion voltage:

: i ,,,i u; ué u;u!é ©  WS5TS1D3_Go 59.9V .
Y SRS SN o ok TGS AT e Extracted from Capacitance vs Voltage

WSTS3D2_Go 59.7V curves on a sub-sample of diodes out

1/Capacitance? [
p [pF2]
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: > 3 - H . N
| __HPK wrsokekssev  © Typical pre-production values S
o | WEREIS PR * Planar sensors 150 um thick: ~60 V T
- | 3 W3TS3D3_KEK 57.4V . m
ey WATS4D1_KEK 50.8 * Planar sensors 100 um thick: 40-50V o
3 : I : : : : i Q
AABVE ey e fy i el 1o el o of oo T WATS4D2 KEK 59,8V * 3D sensors: <5V 3
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VIV —
o
x10' C-V at Bulk _ >
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osf | 4 0.2
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(a) Reverse Bias [V] 8




IEAT(
1y Y=

Inter-pixel resistance

ATLAS X ITk

TS ATLAS ITk-Pixels
* Inter-pixel resistance measured with special =} >20GQ . _f_l _________ .
“strip” test structures " | B *"*”’* H{ " 3503060
* Same pixel structures as in the main sensors |
but :f,horteo_I together in st.rips | MICRON (PT)
. The.mter-plxel resistance is obtained .by | % %
scaling the result by the number of pixels in || » BRI
one strip 9|®"

* Results for different sensor types:
* 3D sensors and Planar sensors with PT structures
must have R > 1 GQ
* Planar sensors with BR must have R;; > 1 MQ

ATLAS ITk-Pixels

12 Interplxel Res:stance
EIEICICNENE SMU1 sweep: -3V 10 §'“" .................... SRLEDEESS:

to +3V, Step: 0.2V

e wr >1GQ

SMU2 current
Floating

—e— W5TS1_1-25.03 MQ
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—&— WS5TS1_16-17 5.16 MQ

e o #— W5TS3_1-2 5.44 MQ

Slim _* " . & B

Edge 0", ",
°

%
;
a

E E

Resistance [2]
3

_Ts1 ) —¥— W5TS3_19-20 5.44 MQ
L —TS2
F FBK 3D 50x50 pm? — 3%
Z —TS4 ] W5TS4_1-2 5.05 MQ
L Rine= 2/ (dlsyyz/ dVsyys)
10 E TSS—;
E TS6 3
—TS7 W5TS4_19-20 5.02 MQ
Substrate 105|||||||.|||||.I.|.|I||.|I.|||I|||.l|||| 9
HV AW . 0 10 20 30 40 50 60 70 80
l) SHSER sls:gzll);erI:tlr'i‘p (b) Substrate Reverse Bias [V]
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Leakage current: Planars 150 um

ATLAS ¥ ITk

ATLAS ITk-Pixel ATLAS ITk-Pixels
g 4 N I R IXE? S 0006_A Lan < 1; (i
. MICRON | | ot HPK150pm . |
- N —— 0006 C Lan £ e
o Pl O 0.8 e Wr7sensor1 o |
- t E W7sensor2 .
g o ——0022_C_lan  07F . wreneers :
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——0016_A Lan  °®F  « wrsensors ° . :
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0016_B_Lan  E  ° aaex ; | v
' = o Q3HPK . ° | ?
0016_C_Lan 0.3F Q4HPK o« o I =
- o Q5HPK o | @)
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0016_D_Lan = * 9 | S
0.1 $Te I o o 0 m
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Bias Voltage [V] 8
* Before irradiation: ATLAS Ticpice =)
* Good sensors need to have a g i 150 e S —e— HPK_150um_W7Q1 =
breakdown >130V - 700_' MICRON and HPK """""""" um-] .
* Most of the sensors have a larger oof--2€15 Neg/CmM” S B— A —=— HPK 150um_W7Q2 T
breakdown >200V ‘ | : ' N
. Results most|y in agreement With 500 _ .................. .................. ............... i —s— HPK_150pm_W7Q6 m

vendor measurements on wafer 400

—s— Micron_150um_0006A
300
* After irradiation with protons up to 200
5e15 n.,/cm?

* No breakdown observed up to 600V : | | ! | !
'.l..i....i....i.l..l....i....l Micron_100um_0121E

* Leakage current within specifications % 100 200 300 400 500 600 10
VM

I‘ Micron_150um_0022C

7 Micron_100um_0121C
100 -
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Leakage current: Planars 100 pum e
[o[e]e]e|e]e]
) ITk
x10_9 Temperature: Null°C Humidity: Null% — 100 ATLAS ITk-Pixels
g : | - j_>| F : ; ; 7 —e— 0121_A_MPP
£ % FBK | = = oo
:;)_10:_. 100um : 5 80 —=— 0121_B_MPP
- ~
- | S
-20: | %. 70 —s— 0121_C_MPP
-30F v o 60
- I
—40F e 50 —=— 0121_D_MPP
: 40
=50 20 0121_E_MPP
~60f- o |
L | 1 ! I I 20 0121_D_before_It MPP
-300 -250 -200 -150 -100 -50 O 10
Voltage [V] ; : : :
ST LEEEET . S SR i i 0121_D_after_It_MPP

80 200
VI[V]

020 40 60 80 10 1éo‘qid'iéd'%
 Before irradiation

IV FBK d 5 (CYRIC
e Good sensors need to have a U SSR)
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breakdown >110-120V % 9:00;04 FBK 100 pum ATLAS ITk-Pixels
* Degradation of the breakdown has S o 5€15 neq/cm2
been observed on MICRON sensors § —_—
after leakage current stability test (It) & cwco ____________________'_T_k_s_p_GES_ __________
&U 5,00E-04 |
© |
3 4,00E-04 |
e Afterirradiation with protons up to — |
5e15 neq/cmz 2,00E-04 :
* No breakdown observed up to 600V 1,00.04 |
* Leakage Current Within speCIficatlons AO,OOE’(()J%(X)EOm 5,00E+01 1,00E+02 1,50E+02 2,00E+02 2,50E+02 3,00E+02 3,50E+02 4,(X)IE+02 4,50E+02

Reverse bias [V] 11
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Leakage current: 3D before irradiation
, ATLAS ¥ ITk

ATLAS ITk-Pixels

* Leakage current measured as a function SIt10W09a Samples sent to KeK
of the reverse bias voltage (IV) for FBK Lasses 1
sensors is Within Specs: P LI SR S Y A S S S S SR,
b Brea kdown > 25V 100806 £ | - 1.3, Measured @ FBK
* Leakage current < 2.5 pA/cm? o L8 Raarnd @ Lo

- — P_4,3 Measured @ FBK

——— P_4,3 Measured @ UniTN
1.00E-08

..... Leakage Upper Limit

Leakage [A]

1.00E-09

* Leakage current of SINTEF sensors is

higher than in the ITk specs (<2.5 pA/cm?)
* Nevertheless, yield based on breakdown is .

exce”ent 0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160
Reverse bias [V]

1.00€-10

1.00E-11

Before Irradiation FBK 3D

* Considering to relax leakage current specs

IV on Non-irradiated 3D full sensor die (Normalized to 20 degrees)
Conditions: (T=21.5+1°C) (RH:48%+8%). Alternative IDs: V9-1-
©® 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

e

ATLAS ITk-Pixels

2 (

w
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<- Bad sensors ->

Good sensors ->

N
5
g
= 1
c
28
a7
o 6
g s
D SINTEF 3D
|
3 |
| < N _ ——L I _ — i __Specification _
2 0 5 10 15 20 25 30 35 40 45 50

12

Reverse Bias Voltage [V]
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Leakage current: 3D after irradiation S
ATLAS ¥ ITk

RD53B-50x50 Leakage after KEK-Irradiation May2022@ -25°C
UniTN&IFAE

° 3D diOdes and bare Sensors With TM “":.leak;‘;;”"l;;m ...................................... FB.k3.D

. . 2 7E-04 + RDS3B_W09_P4,3_1.7e16_befStability (Vbd: 135V)-UniTN

irradiated to 1e16 and 1.7e16 n,,/cm .03 s SRS DN B E () ) 112
. . 6E-04 1 RD53B_W09_P4,3_1.7e16_afStability@-80V (Vbd: 136V)-UniTN
* SINTEF and FBK sensors irradiated RDSbe_ WS P31 7016, beffeabibty (Vi 110V1-EAE

RDS3B_W13_U4,2_1.7e16_befStability (Vbd: 147V)-UniTN

with protons in CYRIC T % T o rosan wia_us 2 L7e1c bstbiny (v 1301 z
* Soft breakdown >100 V | TR A nnsnt sovein mbddonis i _f
* Breakdown shifts towards higher L U 0l yommyes ey oot wonng i 7 ’,f

voltage after annealing and/or stability | - wsowssssemmminarne 7 /0 /)

tests (IT - 48h under bias)

ATLAS ITk-Pixels
0 2'0 4'0 6'0 B'O 11'10 I;O 1;0 ];O
Reverse bias [V]
SINTEF Diodes IV

V9-1-000610-1-018 (SINTEF-3D-R6-G10-S18) KEK 1.7E16

" wane  ATLAS ITk-Pixels / A/
— scan 9 / F20
—— scan 10

g B R R R e e

ATLAS ITk-Pixels
—=— RD53B diodes, 50x50 pum?, & = 10
- —— RD53B diodes, -50x50-im?; @ =17
—— RD53B diode after IT, 50x50 um?, & =
—— RD53B diode after IT, 50x50 um?, & =
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Current [mA/cm?]

T TT | 1T | T
3
Leakage current [A/cm?]

[D.] @anesadwal

0.8|—-:-- —— RD53B diodes before. IT;..50x50. i 2, B =17 i
—— RD53B diode before IT, :50x50 um?, & = 10 F10
[®] = 10" ngg cm /
0.6 o )
B T — '2.) C / Lo
0.4 |
- ITk specs : 105 ] |10
0.2 -t
B ; A
g — SINTEF 3D 50x50 um?

100 120 140
Voltage [V]

0 25 50 75 100 125 150 175 200 1 3
Reverse bias [V]
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Modules and test beam

ATLAS X ITk

* First modules assembled with full size chips ITkPixV1.1
* 3D single-chip bare-modules assembled on testing PCBs

o

ITkPixV1.1:

Based on

Differential
Analog Front-End

* Irradiations
 FBK 3D single chip modules irradiated with protons in

two steps:
* At Bonn to 1e16 ne,/cm? (uniform)
* At CERN PS for a total fluence up to 1.9e16 n.,/cm?
(+0.5 average, non-uniform)

382 pixels / 20.7 mm

-

* Several test beam campaigns at CERN
SPS (~120 GeV pion beam)
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* 6 MIMOSAZ26 tracking planes

* Up to 2 um pointing resolution
 MPP cooling box:

* Chiller based: down to -50°C

* Dry environment: Nitrogen flushing

N | 14



Test beam results: 3D sensors
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ATLAS ¥ ITk

Before irradiation
* >97% hit efficiency with just a few volts
* Inefficiency localised in the fully
passing p-columns

B 3 Num _.

: B ump pad

& E i » §
IO; I I
5; { : '
M= 1
S I nt
—mi— : |
E- . ~ Column '
725i

225 -20 -15 -10 -5 0 5 10 l? 20 25
ATLAS Tk-Pixel In-pixel X, ., Iuml

| Contact ‘

After irradiation
* Fluence 1e16 n.,/cm?
e >97% hit efficiency with just 40 V
* Fluence ~2e16 n.,/cm?
* ~97% hit efficiency with just 100 V

ATLAS Tk-Pixel
25 P

““““““““““““““““ P
[ g
B H

=09

|
o
©
&

BN
o B ol i o P
i
o
N

E L | L
2§25 -20-15-10 -5 0 5 10 |15 2
in-pixel X

=5F
o

Efficiency [%]

Average efficiency [%]

Average efficiency [%]

o 5 . s 1TK-2022-004
100.0 T T T T T 100.0
995 ATLAS ITk-Pixel FBK 3D 50x50 um2|,, .
99.0} 499.0
98.5} -98.5
98.0 —498.0
97.5} —497.5

Threhsold = 1000e
97.01 SCC2 - PS (p* 12 GeV) 1970
—$— SCC4 - SPS (Pions 120 GeV)
96.0— ' ' ' ' 96.0
0 2 4 6 8 10
VBias [V]
;‘m‘As. ITk-Pixel . : : : |TKI'2O22'IOO5 _
100L j"’,&_ ®- R
90E -
80; ............................. ThreshoideOOe .................. _;
70: —m— SCC3- &=1-06=0° =
- —a— SCC5- &=1- 6=0° -
60: —m— SCC3-®=upto1.9-6=0° |
= / —#— SCC5- d=upto1.9-6=0° | J
50E - Efficiency 97% —
= [$]=10"°n,/cm? =
40; P | PR PR | PR I T S S IR S S SR N SRS S MRS ;
20 40 60 80 100 120 140 160
V bias [V]
80 90 100 110 120 130 140 150 160
100—= : - : - : - - :
S e —— - ]
96 s e e v ]
92 R
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Power dissipation: 3D sensors

ATLAS ¥ ITk

FBK full size sensors 50x50 pum?
& 20
| - _
* Power dissipation is critical especially for the S 181 .. s seneor we POMI 17, 50450 i < 10 !
. . £ F — RDS53B sensor wis-POM117, 50x50 v, & = 10 ! y ]
innermost pixel layer Fro EmImRARSmIL )
. . < C -10" 2 ' N
« At the operational voltage (i.e. efficiency >96-97%) & 14— 170 ™= ‘ eyl
° C
the sensor power must be less than 40 mW/cm? 5 127 f f
. . . o C
* Sensors and diodes can be operated within these  * 10— pgK 3 / ‘ 71 %
limits after irradiation up to 1.7e16 n.,/cm? 8 50x5( / f/ o
.. . . - N
* The power dissipation at the operational voltage 61 7 o
can be kept below 10 mW/cm?at -25°C 4F e T
2: m
O:I Jsa 20004 1 1 11 1 11 L1 1 L1 1 11 L1 1 1 g
0 20 40 60 80 100 120 140 160 o
.. . Bias Voltage [V] )
SINTEF Power Dissipation FBK diodes 50x50 pum? S
. 80 _ 100 &
Ng - —— I-i{DSSB dioéﬂes Ng = : 5 > ‘ j f !
2 70]—  —— RD53B diodes, = 0 T e wiapoMI1Y, S0 6 - 10 B —
E C —o— RD53B sensor, E I _+ Diodes w9-PCM634, 50450 pume, & =17 § =
5 E —— RDISS'?;B sensor, = 80 _o_ Diodes w13-PCM6350KE0 im? &= 17§ 41 3
= 60 [@] = 10 neq cm -% E [®]=10%10" neg cm? //

_ C N
gk £ 702 . S
S 50F S 6o ’f &
g 5 - s
o 40_ ..... o 50; J /t’)(

: i / /

n 30F
2l SINTEF 3D - FBK 3D /v

- 50x50 pm? 205 50%50 pum?
101 10F

:l ﬁlilllii 1 | 1 1 1 1 1 1 E| 1 1 1 1 1 | 1 1 1 1 1 1 1 1 1
0 20 ’%0 1&0 140 0 0 50 100 150 200 250

Bias Voltage [V] Bias Voltage [V] 1 6
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* Pre-production of pixel sensors for ATLAS ITk is completed

* First evaluation of the sensors has been performed by the ITk institutes
* 3 sensor types (FBK 3D 50x50 um?, FBK Planar 100 um and HPK Planar 150 um) have
been successfully evaluated
* The evaluation of the sensors from the remaining vendors will be completed soon

e Evaluation of modules with the full-size chip (ITkPixV1.1)
* Modules with 3D single-chip- and planar quad sensors are being measured in test
beam experiments
* First measurements on 3D modules reveal excellent results, even after irradiation to
ultimate particle fluence expected at the HL-LHC
* Planar quad modules and 25x100 um? 3D modules have been measured in more recent
testbeams (One more testbeam campaign planned at CERN for this year)
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* Moving from sensor pre-production to production
* First production orders have been issued (HPK 150 um and FBK 3D 50x50 pum?)
and more will be issued before the end of 2023
e A Quality Assurance (QA) program, including IV, CV and irradiations of a sub-
sample of sensors and test structures, will be carried on during production
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The new Inner Tracker: ITk

ATLAS X ITk

STRIP BARREL

STRIP END-CAPs
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New Strip system

~165 m? of silicon
17 888 modules
~60 Mega-channels

New Pixel system

~13 m? of active area
9 400 modules
1.4 Giga-pixels [ 19



https://cds.cern.ch/record/2285585/files/ATLAS-TDR-030.pdf

Tracking performance

ATLAS
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ITk

Efficiency

ITk / Run-2

Tracking efficiency at 200 pileup
(5x compared to Run-2)

e Similar performance to Run-2 in the

barrel

* Improved efficiency (over 85%) at

high-eta

* |Improved fake rate even considering

the increased in pile-up
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2021-024/
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The ITk pixel detector kel ol

ATLAS X ITk

* New layout with 5 pixel barrel layers & large n coverage

ATL-PHYS-PUB-2021-024
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Outer Barrel (OB) Inner System (IS)
Flat staves + inclined rings Ring and couple ring structures 21



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2021-024/
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Material budget by

ATLAS X ITk

* Reduced material with respect to Run-2
thanks to:
e Evaporative CO, cooling system with
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https://cds.cern.ch/record/2285585/files/ATLAS-TDR-030.pdf
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Serial Powering e

* Innovative Serial Powering (SP) scheme

* Readout chips on a triplet or quad module are powered in parallel
using up to 8W of power

e ShuntLDO allow voltage regulation of the frontend chip with constant
current and redundant power budget from the external power source

* By powering up to 14 modules in series in a chain, the amount of
required cables is reduced and thus material budget in the detector

* Average chain of about 10 modules
* LVinside the module distributed in parallel
* Several HV channel for serial powering chain
CERN-LHCC-2017-021 TWEPP 2020
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https://indico.cern.ch/event/926254/contributions/3999450/attachments/2109021/3547298/24092020_TWEPP_ATLASSerialPowering_mhamer.pdf
https://cds.cern.ch/record/2285585/files/ATLAS-TDR-030.pdf
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3D sensors vs Planar sensors

ATLAS X ITk
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Test structures R
ATLAS X ITk

#¢ + Diced half moons containing test structures (TS)

* Diodes of different dimensions

*—zepinlivietonc s » Strips (pixels shorted in columns by metal lines)

* Bias Resistors (only for HPK)

e Special structures for measuring inter-pixel
capacitance (only implemented in Planar sensors)

* Vendor specific structures (ex. MOS capacitors)

Bias resistors TS
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Leakage current stability (3D) oy -8

ATLAS X ITk
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Leakage current stability (Planars)

ATLAS X ITk
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Irradiation sites
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ATLAS X ITk
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KIT, Germany
* 23 MeV protons

Bonn, Germany

18 MeV protons
Large TID: >800 Mrad for 5e15 n,,/cm?
Uniform irradiation at T<0°C

v
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Reactor neutrons

Negligible TID

Uniform irradiation

Not suited for modules due to activation

* large TID: ~750 Mrad for 5e15 n,,/cm?
e Uniform irradiation at T<0°C
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(TRIGA reactor at JSI, Slovenia

CERN PS, Switzerland

23 GeV protons
Realistic TID: ~220 Mrad for 5e15 n,,/cm?
Non-uniform irradiation at room temp.

CYRIC, Japan

70 MeV protons
Realistic TID: ~350 Mrad for 5e15 n,,/cm?
Uniform irradiation at T<0°C

Thanks to: Koji Nakamura, Vladimir Cintro, Igor Mandic,

Alexander Dierlamm, Giuseppe Pezzullo, Federico Ravotti and

Pascal Wolf
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Test beam results A=

ATLAS X ITk

ITK-2022-005
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PLOTS/ITK-2022-005

