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The ATLAS detector @ LHC

ATLAS Inner Detector (ID) tracker

* Pixel Detector
 Silicon Strip Detector (SCT)
« Transition Radiation Tracker (TRT)
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The ATLAS Pixel (

) detector

_ &

Pixel (31 Bl (11 3 + 1 pixel layers in barrel
ixel (3 layers) (1 layer) 2 x 3 pixels endcaps
Sensor n*-in-n n*-in-n/n*-in-p 1442mm
Technology (only planar) (planar/3D) | - S \\
Sensor = )
Thickness 250 pm 200/230 pm I Al L
Front End FE-I3 FE-14 '
Technology 250 nm CMOS 130 nm CMOS '““"
Pixel Size 50 x 400 pm? 50 x 250 pm?
(short side along R-¢) (short side along R-¢) S
— arrel Layer
Radiation 50 Mrad (500 kGy) 250 Mrad @ | [ - Barrel Lc:yerO(Ili-chylel;)y 1
Hardness ~1x 10 ny,-cm2 ~5x 1015 ny,-cm2 End-cap disk layers
Barrel B-Layer 5.05cm | \\\\3 %' %{//
<Radius> Layer 1 8.85 cm B =l
or 3.35cm py
EndCaps Layer 2 12.25 cm
Radiusyin EndCaps 8.88 cm

"Production and Inteqgration of the ATLAS Insertable B-Layer”

\

—

2024 modules,'92 M channels,
1.92 m?2 of silicon

il =l -

Insetable B-Laye}(IBL)
added in 2014 (Run 2)
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http://iopscience.iop.org/article/10.1088/1748-0221/13/05/T05008/meta

. @I v Facing the unexpected @ LHC
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- —— 2012pp {s=8TeV . . .

60— iaps faoioTev 4+ Bunch crossing (BX) period: 25 ns
4« Pile-up or M (#interactions/bunch crossing)
- * Average ~35 5 plevelling at

y
~
o

T  ——2017pp Ys=13TeV
[ = 2018 pp (s =13 TeV

Delivered Luminosity [fb™
(6]
(o]

: : - Peak (fill start) ~55 ~ ~52(~10 h)
20- 3 < Instantaneous luminosity (cm?s™)
10 3 * Peak ~2x10%
ofL P —— M}—ﬂ 1 < Integrated luminosity per fill (fb™)
W O W c . _~ ~
> g I\(/I)onth in Year Ave rage % > L

e * Level 1 trigger rate (kHz):
500f_An.As Online, 13TV [Ldt=14851" ] . L1A Rate - % 5 ~100

2015: <u> = 134
2016: <u> = 25.1

il Run 3 expectations

Total: <u> =342 |

400

HEEE

Recorded Luminosity [pb "/0.1]

3°°§ « Total Integrated luminosity
200 :
oo 190 fb- = ~ 290 fb
\, (Run 1 + Run 2) (Run 3)
% 10 20 30 40 5 60 70 80

Mean Number of Interactions per Crossing U p tO ~480 fb-1 befO re H L-L H C u pg rade
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. G S Pixel operation in Run 2

- 1-4‘>_'<1'c']_‘3|""l""l""l'"'I""l""l""""II
OCCUPANCY vs PILE-UP  ATLAS Frekivary
« Occupancy (hit/pixel/event) scales with 12 Run-2.2018 Vs = 13 TeV
. . ] ] _stream physics_ZeroBias, LHC fill 6953
= big event size and high trigger rate TVBL 4 B-Layer

0.8 t Layer-1 Layer-2
-} Disks

= high bandwidth usage, up to 70%!

DEADTIME

» Loss of data acquisition time due to Pixel
strongly decreased in Run 2 <~ 0.2% (2018)

Average hit readout occupancy
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* Fraction of event identification mismatch <~ 1%
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. @J The Pixel metamorphosis

* Readout electronics/services upgrades and changes of configuration
parameters to accommodate for bandwidth limitations/radiation damage.

* Read out speed HV 2015 2016 2017 2018
@»SO’ bias voltage (HV) >— g, 80V > 150V ) 350V — 400V
Front-end latency B-layer 250V 350V 350V 400V
. Analog/Dlg/tal_thresholds Layer-1 150V 200V 200V o~
« TOT target point for MIP
- Threshold modulation vs eta - 1%V DOV IOV 20V
Endcap 150V 150V 150V 250V
« [BL: Total Ionising Dose %400—ATLASPlerPrellmlnary 51132332;;2; E_"“_R;ngmagyé +1ugggm;yf
chips (FE-l4) . RAGE RIS I—
=> drift of({hresholdgdnd _ +
Time-Over -Threshold : =
- regular (~weekly) B
re-tuning needed. w W wwwww e w e g,

Average IBL Fluence [1 MeV neutron eqv. cm™2]
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. Pixel performance in Run 2
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O ———— = .
S asob ATs Pemnay o s | * IMpact parameter resolution
<° 3006 = e Data2015,\s = 13 TeV _:/ . : .
N - improvements after IBL insertion
200 : (2015)
1505 - . .
100 —— 2+ B-Layer Hit-on-track efficiency > 98%
3 (2016)
SIS | —.—.——+ [+ IBL spatial resolution (transverse R-¢
N 0.6e—e——e—""" | 2
§ 4x10" 1 2 3 4 567890 20 plane) ~< 10 pm Over Run 2.
p, [GeV]
5 1 3 — T T : ™ T T ; ]
.E’ 0.995 j _; é 14__ ............................................. .............. ............. ATLASPI ..... ........... =
© = B . : [ reliminary - N
% 0.99 e E § B 2 Pixel Clusters .
it et ey e S = T S R e ]
S o0.98F —— 3 3 [ I L
5 0.9755 ATLAS Preliminary —+— After 7 b Avg=98.706:0.004% E . 10_—’.“. ““““““““““ ' """" 0‘¢ ““““““““““““““““““““““““ Wpemsscsssnnissesses E ]
'% 097;—?&2]28?5'&::& —«— After 11.5 fb" Avg=98.637to.005%_§ é 8: , .................................. ....................................................................... ““““““ ]
0_9655— After 20 fb" Avg=98.439:0.005% —i 21;) ~ m >> w ,\ ]
0-96;_ —=— After 35 fb™ Avg=98.403:0.006% _; 093 6:—%5\, """""""""""""""""""""""" 8@%5 ------------------------------------------------------------- é --------- —:
0.955C ! L I S R R ] - | PR U P SR - S S S RS S S I S S S |
1 10 0 20 40 60 ' 80 . ' 100
Track p_[GeV] Run 2 Integrated Delivered Luminosity [ fb-1 ]
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. @J gormnGen o Impact of radiation on sensor

« dE/dx and cluster size decrease < Charge collection constantly

due to the decreased charge measured via HV scans

collection efficiency (slow slope). « MPV of the fitted Landau
 HV (threshold) increase cluster charge affected

(decrease) shows gain in dE/dx. = decrease of plateau.

 however, thresholds increased in 2016
due to bandwidth limitations (B-Layer).

T T I T T T l T T T

12r T T T T

21 'ATLAS Pixel Preliminary ;-
' ATLAS Preliminary

Data2016: Data 2017 Data 2018

. B : A i,
ayer : :. .
ML“‘ | | — <dE/dx>
-m-u ﬁ

- Cluster size ¢
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lIII|I
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1.4—
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[ |
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1 2 5 - a L " [ . Wvlae __ A
M - -: ] :
¥ s, M - i
[ 1 ToT>3 —>5 : M“"'”“'n--: L. = 4 ° A 7
0.8— Thr=3.5>>5ke ! : —] i
— : : - B o -q
- HV=350 V : HV=350 V © HV=400 V - I o [BLApril2018 (96 fb7) 7
0.6—Thr=3.5(5)ke i Thr=5ke’ . Thr=4.3/5ke’ — o IBL July 2018 (125 fb“) -
[ ToT=18BCs@20ke : ToT=18BCs@20ke : ToT=18BCs@20ke’ . - & IBL October 2018 (157 ft")
04__3(5)<T0T<150 : 5<ToT <150 : 3<ToT <150 7 -
C oo b s o b o b e b o o b e b Ly ] i | | | |
0 20 40 60 80 100 120 140 160 180 00 100 200 300 400 500

<dE/dx> [MeV g cm?] or <cluster size> [pixels]
ITI I

Run-2 Delivered Luminosity [fb™]
HV [V]
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. @ GOTTINGEN Depletion voltage/leakage current

Higher bias voltages to guarantee a  Leakage currents quite well

full depletion region. described by Hamburg model
« Hamburg model predictions matches (annealing, temperature)
well data from bias voltage scans  slightly overestimated
(or cross talk) at low fluences. towards the end of Run 2.
« Data collected at the begin of each year ¢ Extrapolation to end of Run 3
to confirm predictions/set points for the within the power supply limits.
year ahead_ N Measurements of sensor radiation damage in
the ATLAS inner detector using leakage currents
s B [ ' I ' 7] <> s e e s e e e e e | s e e
23300_— ATLAS Pixel Preliminary - s | ATLAS Prelliminar}lz | IBIL 1
>8 - B-Layer depletion voltage ] E. : \f; = 13 Tev
B B simulation ] .O 201~  Insertable B-layer, 33.5 mm radius
250:_ B data cross-talk scan - ‘.é E Run 3 =80 + 80 + 80 + 80 fb”
200:_ ®  data bias voltage scan _: g 15__ 7?22::2:212 :: (3D sensors) Planar
B ] % m  —Bom<|zl<16cm ‘ :I
B 7 =] |lz| <8 cm y l
1501 E % 1of- 7Y
- ] - .74 )
,. : 1
C ’ ] i 4 / Pythia + FLUKA + Hamburg |
S0 - / ] C (scaled) -
. ] _ GOI‘I I I160I - I260I - IS(I)OI - I40|0I - I5C|00] - ]600
0 L n Delivered Integrated Luminosity [fb™]
01/01/2012 31/12/2013 01/01/2016 31/12/2017 Loseaplaniol o polopmslls puella ool g pul oo pastio®
D at e 0 0.5 1 1.5 2 2.2‘ uence3[1 MeVSﬁi fom 2]
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https://arxiv.org/abs/2106.09287

. @J el Fighting the radiation damage

, Dual strategy \

Minimize the impact Characterize/model
(without forgetting the long-term picture) the radiation damage for Run 3
« Detector parameter changes to « Development of new radiation damage
recover/accommodate for rad. damage (digitizer) MC.
« HYV, thresholds, tunings points.
5 Modelling o
s radiation corren: I
i 099 damage to pixel (=" -
|‘_§096$ ATLAS Preliminary.| sensors in the ! I:EEE}‘(’:) N\ §f§ s é
ATLAS detector Pl VAL
D ol o DeTTSmammeessne - Extensive validation of the new digitizer
N it > official ATLAS Run 3 MC. |
0 05 1 15 2 » Exploit the radiation damage MC to train
Track Inl our clustering/tracking algorithms

« Keep the detector cold to avoid reverse (Mixture Density Network).
annealing (higher depletion voltages) ¢ Extrapolate depletion voltage/leakage
and high leakage currents. current predictions to the end of Run 3.

8107/2022


https://arxiv.org/abs/1905.03739

‘ GEORG-AUGUST-UNIVERSITAT . - .
. @J GOTTINGEN Impact of radiation on FE electronics

x10°_

o) 1z e 1.78 —
Single Event Effect (SEE): big charge deposit in FE & oo ATLAS Pil Preliminary | =
electronics can flip the state of global/local memory cells. g o S
S o7t A
- IBL FEs being affected by SEE (2017) > T o5 o
- : : : 5c L
=» periodical reconfiguration of FE global registers Zi_ — _1:
improved the operation stability/data quality. X :1'72
0.2F First Module Occupancy ] ’
* As LHC delivered fills with higher integrated lumi (2018): ot o 171
* noisy pixels (pixels firing in the empty bunches) Ol i b ol 7
» quiet pixel (pixels not firing in colliding bunches) Luminosity Block
due to SEE in single pixel latches! x0®
0.12] ATLAS Pixel Preliminary .
Measurements of Single Event Upset in ATLAS IBL p LHE Fill 7915(2019) IBL

.Ir # w/o reconfig 7
- ® w/ reconfig

Noise occupancy
o©
o o
OIO —_
|

« Solved by adding the periodical reconfiguration of the

single pixel latches > 0.06;— _
=» clear gain observed during test run (2018). 0.0k B
* Run 3 strategy: mitigate the higher radiation per fill 002" ;

(luminosity levelling to higher luminosity/particle flux) 0611.7.';6:)"7";6:)”"56'0-'""56'0"_
=> Full FE reconfiguration every ~10 minutes (no dead time!) Lumi-block
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https://iopscience.iop.org/article/10.1088/1748-0221/15/06/P06023

Opto-Board replacement during LS2

. @J GEORG-AUGUST-UNIVERSITAT
" | GOTTINGEN
OFF-DETECTOR electronics

« Relevant number of VCSEL (laser Optical fibers
array) failures during Run 2 (~3%). L (~100 m)

- humidity being the main suspect.

 New Opto-Board production (with new
VCSELs) = >400 qualified.

DORIC
- (Digital Opto-Receiver
Integrated Circuit)

« Selective replacement done (178 OBs)
In February 2021. ‘ Copper cables
(a few m)

- replacement of OBs hosting dead VCSELSs ON-DETECTOR electronics
(25 modules recovered) or VCSEL alive

with a shifted optical spectrum. \
 Sealing of Optoboxes (hosting OBs) to
keep the boards dry (humidity concern). 3

=> no failures observed so far! oF




Detector status during LS2

* Detector kept OFF (and cold) most of the time.
- Pixel (CsFgevaporative) and IBL (CO, bi-phase) cooling very stable.
* Successful yearly maintenance of cooling systems
- a few weeks at room temperature, 43 (23) days in Pixel (IBL).
* A new thermosiphon system will serve as ID Run 3 official cooling.

Temp set point (LS2) | PIXEL | IBL

-5 o o (o] N 20 \ [
Detector OFF 5°C 7.5°C ¢ "1 ATLAS Preliminary
= 15- -
* Turn ON two weeks every two months & | p ]
e
. . Run3 [g& i
» Calibrations and -m Seuti] & 10 ' -
L] L] (D i
cosmic data taking 2000e 1500 & Slayer 1
) . ] e Cosmic ray Apr 2022
° Monltorlng noise and B-Layer 4300e/ 3500 e/ ‘CT; 5 s+ Cosmic ray Sep 2021 |
. 5000 e 4300 e © A Cosmic ray Jun 2021
depletion voltage 2 | v Cosmic ray Mar 2021 -
(annealing negl|g|b|e) Layer 1 3500 e 3500 e i | fppEndFunz o
: Layer2 3500 3500
. Test of Run 3 configs e € € 100 200 300 400 500
Disks 3500 e 3500 e HV [V]



- [kl Exploiting first Run 3 collisions

« End of LS2 (cosmics) and begin of Run 3 (900 GeV collisions) used to
test new configurations with increased HV and lowered thresholds.

« Effect of radiation damage on cluster charge data, very well
reproduced by new Radiation Damage MC!

* Fraction of tracks with Pixel hits slightly affected in the central part of
the detector (short silicon path traversed and higher radiation damage).

@] T T T T T T T T = ..
> 0.151 - ATLAS Preliminary | HV Run 2 Run 3 T ATLAS Preliminary
g (s= 900 GeV (End Of) | (Startof) HENE l5=0.9.TeV
z o -
- L B-Layer IBL Planar 400 V 450 V <095
o 5 . Data | IBL3D 40 V 60 V >
: — MC Rad Damage < 0.9
----- MC Const. Charge | B ayer 400 V 450V
I Layer 1 250 V 30V goss
0.05F — o IBL B-Layer
Layer 2 250 V 300V 08~ u Run3900GeV ~ » Run3900Gev |
: ; ) — MC Rad. Dam. — MC Rad. Dam.
DISkS 250 V 300 V 0.75— ... MC Const. Q- MC Const. Q |
...... T e ]
=" 20 30 40 50 0-7g 0.5 4 75 >
Cluster Charge [ke-] Track n|

Performance of ATLAS Pixel Detector and Track Reconstruction
at the start of Run~3 in LHC Collisions at s v=900 \GeV



https://cds.cern.ch/record/2813456
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Radiation Damage MC performance

« Spatial resolution (r-phi and z) computed using the overlap region:

- well reproduced by new Radiation Damage MC.

- data improvements by using MDN and training it on Rad. Dam. MC samples.

« Limited effect of radiation damage on the tracking performance for the
Run 2 fluence: impact parameter d, resolution well reproduced by both MC.

o o
o o
s o

©
o
@

Resolution r-¢p [mm]

8/07/2022

. ! |
- ATLAS Preliminary
- Vs= 900 GeV

_ IBL Planar

L e Data
. [ ] MC Rad Damage

1 Pixel 2 Pixels 3 Pixels

Nb. of Pixels in Cluster along r- ¢
Performance of ATLAS Pixel Detector and Track Reconstruction

>3 Pixels

Data/MC  Track d, Resolution [mm]

0.08F
0.06f
0.04f
0.02}

—
N

oo

o
o 4
O \S)

o

' L
ATLAS Preliminary
Vs= 900 GeV

¢ Data
MC Radiation Damage |
I MC Constant Charge ]

In| <0.8

00

10
Track P, [GeV]

at the start of Run~3 in LHC Collisions at s v=900 \GeV



https://cds.cern.ch/record/2813456

. G S Conclusion and outlook

« Several operational challenges, upgrades and adjustments in Run 2:
« strong effort to consolidate the detector system
 FE thresholds and bias voltages changed almost yearly.

* Pixel data taking efficiency and data quality reached their peaks.
However, clear impact of radiation in inner Pixel layers!

 Understand and forecast the effects of radiation on sensors:
* new digitization model (fully ready/included in ATLAS Run 3 MC)
« so far, small implications for tracking/vertexing.

1=

- Limit the impact on FE electronics. P '
« Use cold temperatures (possibly -25°C) § 0 WL NEE
. . 8 0.7 ATLAS Preliminar e | 7
to better operate the Pixel in Run 3. S Z; fo= 18TV !
g 0.5; I angz: i BZIZ 18500\</
=» Radiation damage is a key ingredient 2 04 8 e
to plan the near future (Run 3).. 037 [ s a0
.. in view of the HL-LHC trackers. 1 10 10°

Int. Luminosity [fb]
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Pixel/IBL at the begin of Run2

« |BL Total lonizing Dose (TID) effect causing relevant
increase of FE-I4 currents

* Induced by the usage (~Millions) of 130 nm IBM transistor

technology

 Known to have a special leakage current evolution

IBL Total lonising Dose [Mrad]

Integrated Luminosity [fb™]

0 1 3 4 5 1000
— ] I [ | E‘ _I L l T T 1T I T T T I L l LI I LU I T T 1T l TT1 1T I LU I T 1T I_
§ 28— 2015 2016 2016 * Mean £ 3 ATLAS Pixel Preliminary Result of fit to first peak
S - V=12V 1.0V 1.2V [Range g 9001~ * Whkadh @3¢
5 26 5 - .
O C ; O 800 —
> 2.4 [ { | | : N
= CE U B =N E
22 W "; 700}
= - C o
ol (RS 600} / s =
S | & i.'. " i e o P, co. g / =
| 3 ' 500( / / -
1.8 ¥ <} "'ﬁfﬁ",*m‘_,au& et PR o ," :
g | ot | » ) / ]
8 TN LV e o L 400 =
Ts~-10°C §p¥C 5C ATLAS Pixel Preliminary -
[ 1 1 1 ] 1 1 1 | Il 1 1 | 1 1 1 l 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 [ 1 1 1 | 1 1 =
1 .40 2 4 6 8 10 12 14 16 18 300 111 I 1111 I 1111 I 111l I 1111 I 1111 I 111 I 1111 I | - I 1111

TID [Mrad]

"Production and Inteqgration of the ATLAS Insertable B-Layer”

JINST paper for more info about IBL
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http://iopscience.iop.org/article/10.1088/1748-0221/13/05/T05008/meta

. (QQ%J sk  Pixel Detector Read Out Upgrades

 The Run 1 Pixel read-out system went through a series of
upgrades using the new IBL read-out:

- Layer2 (2015/2016 Winter Shutdown)
C - Layer1 (2016/2017 Winter Shutdown)
C - B-Layer/Disks (2017/2018 Winter Shutdown)

 Overcome bandwidth limitations but also enahance
debugging capability and Sw/Fw flexibility.

* Finally in 2018, one unified read-out system that should
bring Pixel many advantages on a longer term:

- the operation of different type of FEs will always be there
but...transparent for most of the operations!

810712022
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. @J GOTTINGEN Pixel operational parameters in 2018

4 2018 \

2000e, ToT>0

4300e(*), ToT>3

Threshold 2017

IBL 2500e, ToT>0
B-layer 5000e, ToT>5
Layer-1 3500e, ToT>5
Layer-2 3500e, ToT>bH
Endcap 4500e, ToT>5

3500e, ToT>5
3500e, ToT>5

\_3500e, ToT>5 /

* central Eta: 4300e high Eta: 5000e

Run 2 Bias Voltage Evolution

HV 2015 2016 2017
IBL 80V ) 150V ) 350V
B-layer 250V 350V 350V
Layer-1 150V 200V 200V
Layer-2 150V 150V 150V
Endcap 150V 150V 150V

2018
400V
400V
250V
250V
250V

e’

Keep adjusting threshold and
HV but...
limitations on the read-out
bandwidth if thresholds
decreased too much!

ATLAS Run2 benchmark

L1Trigger = 100 kHz
<uy> =60

=>»Module to read-out system
bandwidth usage needs to
stay within 80%

810712022



. @ rirul Fighting the reverse annealing

« Keeping the detector cold during Three cooling scenario dising LS2:
LS2 to prevent reverse annealing — cooling during LS2
. B-layer HV prediction St Coomgg%fjays
=> keep the depletion voltage _ ] o i
S = ~
under control (B-layer, IBL). = 800f RUN-2 o) ":‘;‘:7 :
3 - -
- - =
o . . 700 =t
Warm up periods unavoidable due E system limit: 600V ]
to the ID maintenance during LS2 80 ==========- E
500+ 2018 =
« Target to stay warm for < 60 days 100E. 2018: 400V l B
during the LS2. - .
300 3
* Detector warm for 43 (23) days in Pixel 200E- E:
(IBL) - 3
100:— =

« Exploring colder operating set points o AV
(-25°C/-30°C).for late Run 3.

1
31/12/2014 01/01/2020

O
-4
)

8/07/2022
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Pixel Leakage currents

Measured leakage currents quite well described (annealing, temperature
dependence) by the Hamburg Model but:

« scaling factor per layer and z bin is required
« towards the end of Run 2, the leakage currents seem overestimated.

Pixel: Leakage current per module expected at the end of Run 3
within the power supply limitation (< 2 mA per sensor).

T1°C) _1g:ModulcTomp;munE=] ' . ] 5

-  ped

— ) ,l, - L - —
- Sensor Bias Voltage __ [ 1 s

4+ ATLAS Pixel Preliminary

loax @t 0°C [mA/cm?]

Average Data Scaled Hamburg Model
B-Layer: . -t
3k Layer-1: o ——

Layer-2:

|

1 1 [ 1 i 1 L 1 1
100 120

\ . i 5 1 'y 9 A 1
140 160 180 200
Integrated Luminosity [fb™]
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ATLAS Preliminary
(s =13 TeV

--------- Pythia + FLUKA
----- Pythia + Geant4

z-dependence comparisons

IBL leakage current, 160 fb™' Fl u e n Ce-to-l u m i n OS ity

B-layer leakage current, 191 fb™'

wmeanems’ | CONVErsion factors extracted
:zt;o,.jn:_zang.ﬁ@ol:;v | from the leakage current,
Lorentz angle and Depletion

Voltage measurements:

—
o

* less fluence at at high |z|
on IBL data respect to

Fluence-to-luminosity [10'? n.,/cm?/fb™]
~
| TTTT | 1T | ITTT | ITTT | ITTTT | I'TTT

4r : Pythia + FLUKA/Geant4
3v§ predictions

of « more flat distributions for
1: .................................. einnionaas fonsnnananniniiiininiiiin S outer Pixel |ayers

—040 -30 -20 -10 0 10 20 30 40
Longitudinal distance from detector center [cm]



. G S Radiation damage studies

New Pixel digitization model was developed and is now under validation
before entering the official ATLAS simulation

Recent paper available here: JINST 14 (2019) 06 P06012

« Charge carriers will drift toward the collecting electrode due to electric field,
which is deformed by radiation damage (double peak).

» Their path will be deflected by magnetic field (Lorentz angle) and diffusion.

1510

L
. ATLAS Simulation
L '*.1200 um n*-in-n Planar Sensor, 150 V, Chiochia Rad. Model

» Electron and hole lifetime inversely

E, [V/cm]

. b, —@ = 0x 10" ngg/em?
proportional to fluence: T e 1x 10" ngom?
10 h t =@ =2x10" nfem?

i T e @ =5x10" nggfom?

=> charge trapping,

=>» reduction of the collected charge. 5

* Available for both Planar and 3D sensors.
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. @J saaeval Leakage current vs Temperature

In order to retrieve the optimal Temperature trends
E_5 for the temperature
correction of the /., , several
temperature scans were taken.
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Last one on September 2021:
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* - 20 °C setpoint temp. | Leakage current trends

IBL: 0.30 +- 0.10 mA ¢
« -17°C setpoint temp.

IBL: 0.41 +- 0.12 mA
» -14°C setpoint temp.

IBL: 0.56 +- 0.15 mA
« -11°C setpoint temp

IBL: 0.76 +- 0.21 mA
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HV evolution
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@it Results from 2022 Pub Note
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