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Introduction

Primary motivation of all upgrades is to maximise performance 
Precision measurements of Higgs coupling and other SM processes  
Make first measurement of Higgs self-coupling (very challenging)  
Search/investigate for signals of phenomena beyond the Standard Model 

Design choices for detector upgrades driven by physics considerations. 

3

Frédérick Bordry, Chamonix Workshop 2017
https://indico.cern.ch/event/580313/

LHC Schedule
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Basic Requirements For The ITk
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Radiation hardness 
Ultimate integrated luminosity considered  
~ 3000 fb-1 (original > 400 fb-1) 

Radiation hard sensor material required 

New readout electronics required 

Granularity 
Resolve ~200 collisions per bunch crossing 

Maintain detector occupancy below % level 

Requires much higher granularity
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The High-Luminosity Challenge

z[cm]

Very high pileup Intense radiation

Need maximal luminosity to achieve physics goals

Design for peak leveled luminosity of 7.5x1034 cm-2s-1

Corresponds to average pileup of ~200 collisions/crossing

Aim for integrated luminosity of 3000 fb-1 and
corresponding radiation doses
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Improve tracking performance 
Reduce material in the tracking volume 
Reduce rates of nuclear interaction, photon 
conversions, Bremsstrahlung… 
Reduce average pitch 

Dream tracking detector:  
transparent detector with very small pitches 
super fast 
radiation hard
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ITk Layout
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Key Goals for Tracking @ HL-LHC

Sustain | improve excellent performance of ATLAS Run2 also in HL-LHC environment 

adapting for the physics goal of HL-LHC 
track reconstruction for dense environments, boosted objects (jet core, 
boosted 𝜏, Z’) 

cope with the higher pile-up environment  
expanding the η coverage 

support excellent physics object reconstruction 
highly efficient track reconstruction 
extremely low fake rates 
precise impact parameter resolution for vertex reconstruction and b-tagging  
maintaining acceptable CPU consumption

6
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Recent Changes in Layout

Reduction to five layers (increase of pixel layers) 
Increase of Strip barrel length from 13 to 14 modules, reduction of Strip end-cap system by on 
disk  (from 7 to 6) 

momentum resolution sustained by re-arranging the disk positions  
Removal of Stubs 

longer barrel softens the effect of barrel/end-cap gap

7

Silicon Area Channels [106]

Pixel ~13 m2 580

Strip 160 m2 50

3 Overview of ITk Layout

Figure 3.1: Schematic layouts of the ITk for the HL-LHC phase of ATLAS. Here only one quadrant
and only active detector elements are shown. The horizontal axis is the axis along the beam line
with zero being the interaction point. The vertical axis is the radius measured from the IP. The outer
radius is set by the bore of the solenoid. Top: Extended layout. Bottom: Inclined layout.
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completely replaced with all-silicon 
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(A1) Pixel/Strip balance

‣ Change of 4 + 5.1 system to 5 + 4 leads to reduction of 1 hit 
- Improves performance in key aspects: 

- shows better behaviour in efficiency/fake balance at <μ> ~ 200  
- tracking in dense environment: significant cluster merging in first 4 layers 
- hints that Pixel measurements improve CPU performance
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Physics input: Analog info

•
•

•

•

525/07/2016

Felix Cormier (UBC)

Physics Input: analog information

Figure 67: Tau reconstruction performancce
versus ⌧ momentum in the 3-prong decay chan-
nel. Di↵erent readout scenarios are shown. L12
denotes analog readout (and cluster splitting) in
the two innermost layers, L123 in the inner three
and so on.

identify and eventually refine the cluster information from merged clusters [17, 18]. Having analog1275

readout information in the Pixel detector that allows to relate channel signal with the deposited charge is
hereby essential. Figure 67 shows a comparison of the ⌧ reconstruction e�ciency in the 3-prong decay
channel versus the momentum of the ⌧ and its change when allowing cluster splitting on di↵erent subsets
of layers. Cluster splitting is only possible with analog readout. These plots are made with an earlier
version of the ITk Extended layout simulation, however, the layer configuration has been practically1280

unchanged since then.
For the ITk studies, as no final digitization model has been established, the performance of the neural

network is emulated using truth information the assumption that it behaves similarly well as with the
current ATLAS IBL (which has a 4-bit readout for the time over threshold information).

Findings Figure 67 shows that at having at least four Pixel layers with analog readout is achieving the1285

maximum tracking e�ciency when assuming a similar cluster splitting (or shared cluster identification)
as achieved in Run-2. The fact that four analog readout layers achieve similar e�ciency as five analog
readout layers while still showing a decrease at high ⌧ momenta compared to low ⌧ momenta indicates
that the limiting factor starts to be the separation in the Strip system. The physics track reconstruction
e�ciency within jets is stable for the Extended and Inclined layout candidates with respect to the jet1290

momentum. Only a turn on e↵ect at low jet momenta (and consequently low track momenta) is seen.
Figure 68 shows that in a central region within |⌘| < 1.5 the di↵erences between the two layouts remain
below one per cent. In the region |⌘| > 1.5 the Inclined layout candidate shows a higher e�ciency than
the Extended layout with a maximum di↵erence reaching about 5 %. Tracks are required to above pT > 2
GeV in this study, the defect seen in the technical tracking e�ciency of the Extended layout (and weakly1295

also for the Inclined layout) can slightly be a↵ecting this comparison.

double-track resolution
- limited by cluster merging 
- use a set of neural networks to identify 
- needs small segmentation & analog readoutILTF

Most Significant Pixel Changes (1)

Introduced five layer pixel system improves performance 
in key aspects: 

shows better behaviour in efficiency/fake balance at pile-
up of 200 
significant cluster merging in first four layers in dense 
environment -> five pixel layer improves ability to resolve 
nearby tracks significantly 
possibly improved CPU performance 

Double track resolution 
- limited by cluster merging 
- use neural networks to identify 

merged clusters 
- needs small segmentation and 

analog info

Dense environment tracking performance studies 
with 3-prong tau decay 

Efficiency to reconstruct all 3 tracks from decay 
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Most Significant Pixel Changes (2)

Rings instead of disks in the pixel end-cap region  
Services are routed on the support structure 
Unusual pattern to provide constant number of  
hits versus η  
Reduction of the required silicon area compared  
to LoI-VF 
Ring positions in z can also be easily adapted to  
the coverage needs of different barrel layouts. 

Wednesday, 5 October 2016 ECFA Workshop 13

A T L A S  C O L L A B O R A T I O N U N I V E R S I T É  D E  G E N È V E

The ATLAS ITk Pixel Layouts
● In the last years, the LoI layout has been modified to move towards more 

realistic ITk candidates

● Increasing the pixel volume to host 
a 5th barrel layer of pixels 

● Rings instead of disks in the pixel 
endcap region

○ Services are routed on the support 
structure

○ Very peculiar pattern to provide 
constant number of hits versus η

○ Large-|η| region entirely in the pixel 
volume → increased the number of 
rings at very high |η|

Pixel Endcap Rings Evolution
1) LoI Endcap disks

2) Ring system, |η|<3.2

3) Optimised rings (1 or more hits per ring)

Inclined layout  
Minimisation of material - better impact 
parameter resolution 
Impact parameter resolution comparable or 
better than Run 2  
Multiple hits on track in the first layer close to 
IP facilitates robust track finding - improves 
tracking efficiency for primaries and reduces 
fake rates. 

Wednesday, 5 October 2016 ECFA Workshop 13
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Wednesday, 5 October 2016 ECFA Workshop 17

A T L A S  C O L L A B O R A T I O N U N I V E R S I T É  D E  G E N È V E

The Inclined Layout Concept
● With tilted sensors in the high |η| region we expect several hits per layer 

(tracklets) and less material crossed given the low incidence angle

● Main benefits:
○ Less silicon wrt extended outer barrel 

(~2.5 m2)

○ Less material in front of the “inclined” rings 
and less material crossed ( → less material 
effects) in front of the calorimeter at high 
pseudorapidity → compared to classical disk 
system

○ Better constraint on the impact parameter 

→ Improved d
0
 and z

0
 resolution

○ Improvements in tracking efficiency from 
having many tracklets as close as possible to 
the interaction point

Inclined layout
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|η| Coverage - Pixel Detector
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Innermost central layer structure needs to cover full pseudo-rapidity range 
closest possible measurement to IP minimise extrapolation distances 
for best impact parameter resolution between measurements (hits)   
minimises passive material before the first two measurements in forward region 

Benefits of forward tracker extension: 
Reject pile-up jets  
Extend lepton coverage 
Extend b-tagging 

Better E
T

miss resolution 

Improves multiple physics channels  
Vector-boson scattering, Vector boson fusion 
High lepton-multiplicity channels 
... 

Optimisation of layout for high eta coverage
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Silicon Strips
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ITK Strips: System Idea 
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Chosen strip pitch: 
74.5 um in the barrel 
60-80um in end-caps

Developed concept applicable for barrel and end-cap.  
Pursuing simplicity for improved producibility:  

Silicon modules glued directly onto a cooled carbon fibre plank. 
Designed to reduce radiation length. 
Kapton service tapes co-cured onto CF skins. 

All components independently testable prior to construction. 
Leads to early systems-like testing 

Radiation environment  
Fluence: 1.2x1015 1MeV neq  

Dose: ~50MRad 
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ATLAS Strips: Stave/Petal Concept
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Hybrid = kapton board with FE chips (ABC130, connection 
via wire bonds) 
Module = silicon sensor with readout hybrid (connection via 
wire bonds) 

Stave/petal = core structure + cooling + electrical services 
(power, data, TTC) + modules
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bus tape

Fancy Drawing 
FE-chip (ABC130*)

hybrid

strip sensors

EndOfStructure card 
(EoS)
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End-caps
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End-caps are more challenging due to their geometrical constraints  
pointing strips: same phi coordinate measurement along the strip length 
same  concept as in barrel -> build disks out of wedge shaped petals covered by six 
different sensor shapes 
more complicated layout for the electronics as we have two modules besides each other 

Advantages:  
side-insertion - petals accessible for a very long time  
technical solutions for barrel and end-caps mostly the same 
especially module production is exactly the same across barrel and end-cap

2 m
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Modules
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The Module

Even so we have multiple different module “types” they are all 
based on exactly the same concept and production steps. 
Frame for module production is identical (barrel and end-cap), 
“just” the tooling has to be switched. 

Short Strip module 
Barrel
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Baseline Sensors
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Sensor parameters basically defined for ATLAS and 
CMS: n-in-p with p-stop isolation 

Collects electrons like current n-in-n pixels  
-> faster signal, reduced charge trapping 
Always depletes from the segmented side:  
good signal even under-depleted 

Single-sided process  
much cheaper than n-in-n 
More foundries and available capacity world-wide 

Easier handling/testing due to lack of patterned back-
side implant

ATLASATLASATLASATLAS
Radiation Hard Sensors

• n+­strip in p­type substrate (n­in­p)

– Collects electrons like current n­in­n pixels

• Faster signal, reduced charge trapping

– Always depletes from the segmented side

• Good signal even under­depleted

– Single­sided process 

• ~50% cheaper than n­in­n

• More foundries and available capacity   

world­wide

– Easier handling/testing due to lack of 

patterned back­side implant

• Collaboration of ATLAS with     

Hamamatsu Photonics (HPK) to develop         

9.75x9.75 cm2 devices (6 inch wafers)
– 4 segments (2 axial, 2 stereo), 1280 strip each,        

74.5 m pitch, ~320 m thick

– FZ1 <100> and FZ2 <100>material studied

– Miniature sensors (1x1 cm2) for irradiation studies

A. Affolder – TIPP 2011, 9th­14th June 2011, Chicago, IL 4

Axial

Stereo

Miniatures

n+

p­ bulk 

Al

SiO2

Guard Ring
Bias Ring

p­spray/stop 

p+

e­

Un­depleted

See N. Unno, et. al., Nucl. Inst. Meth. A, Vol. 636 (2011) S24­S30 for details

ATLASATLASATLASATLAS

A. Affolder – ATLAS12A Sensor Dicing and Distribution, May 13th, 2013 

Standard ATLAS12A Barrel Minis  
• Standard barrel minis (1-5, 11-15) will be 

diced as the full-sized sensor in the wafer 
– Yields 50 narrow, 250 standard minis 

• Will be put into a pool for common 
studies/qualification of sensor  
– CCE, PTP, Lorentz angle, inter-strip 

resistance,… 

• How can these be used to help qualify the 
narrow edge? 

• What needs to be done to qualify the new 
detector? 
– Range  of  fluences  past  max  in  end  cap,… 

• Who will participate? 
– DESY wants 14 for Lorentz angle measurements 
– UCSC wants some for PTP 

• How will this define the acceptance 
criteria for production?  Will we have 
irradiations per batch? What will be 
measured? 

3 

• For CCE, ideally would want 4 fluences (5,10,15, 20 
e14) after neutron, proton and mixed irradiation with 
minimal annealing during irradiation 
– Then anneal to maximum of CCE (~200 min at 60 C) and 

retest 
• From experience of last time, would want at least 3 sites 

cross-checking each fluence/source combo 
• Minimum of 36 devices needed 

see talk from Marko Dragicevic 
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System Architecture 

3 

Electronics Overview 

End of Substructure Card Module Module Module

Patch Panel 1

Patch Panel 2

Patch Panel 3 USA15

HV and LV supplies

DAQ

Detailed schematic including all 
electrical devices in the detector 
On Detector (sensor to interface)  
Off detector up to power supplies in 
under surface building  
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Electronics Overview 
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ABCStar 
ATLAS binary chip with 256 channels in 130nm tech. 
converts incoming charge signal into hit/no-hit information 

HCCStar 
interface between ABC130 and bus-tape  
collects information from O(10) ABC130 and sends to 
outside world 

AMAC  
chip for local monitoring - current, voltage, temperature 
control: HCC, ABC enable; HV switch  

upFEAST 
chip to control the parallel powering (DC-DC) 
first version (FEAST) worked fine but was not radiation 
hard 
upFEAST currently being designed (CERN)
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Some R&D Results
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TID induced Current Increase

One of the biggest concerns in 2016 in the strip system: TID induced current increase 
Same effect as observed in ATLAS IBL 

Measurements ongoing of all ASICs at realistic rates and temperatures. 
Increase in current/power during “bump phase” has potential impact on detector design 

non-standard - running conditions including changing operation temperature over time and/
or lowering the voltages serving the front end. 
impact on mechanical behaviour

22

Surface effects: 
Generation of charge 
traps due to ionising 
energy loss (Total 
ionising dose, TID) 
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TID Bump observed in ABC130

23

A model was developed to calculate the power dissipation as a function of the 
position and the fluence profile.   
Based on this conservative estimates on power dissipation (per position and total) 
are fed into FEA calculations. 

assume a power increase of about 20%.  
More detailed studies under way to understand dynamic behaviour.  
Design and layout of the strip detector is sturdy enough to incorporate this feature. 

T=-10oC (black) 

T=-25oC (blue) 
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L1 
L0 

L2 

Fitting the data 
D0 

D3 
D5 

Nominal rate of IR (Miyagawa et al) 
Measurements (Teuscher  et al) 

Source T Current 
Increase 

Dose Rate 
(MRad/h) 

60Co CERN -25 2.5 0.0023
60Co CERN -10 1.9 0.0023
60Co CERN -10 1.3 0.0006

Birmingham-p -25 9.7 1.25

X-ray CERN -15 3.9 62

(extrapolated) -10 3.5 62

X-ray CERN -15 13.6 2.25

X-ray CERN +20 5.2 2.25 
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ITk Strips - Test Beam Test Beam Test Beam

Huge effort at DESY and CERN test beams 
Barrel long-strip module tested at 11 positions 
EC module studied (old chip) 
130 nm single chip card with irradiation sensor 
under test 
Full module irradiated up to 8e14 neq cm-2 at 
PS 

24

EUDET style pixel telescope (DESY and CERN)

250 nm EC module130 nm barrel LS module
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Test Beam Results 

Performance at end-of-lifetime is marginal with the 
used prototype components.   
Caveats:  

Sensors were not annealed (+20% in signal) 
Final sensor will have higher resistivity (+ 10% in 
signal)  
Old front-end stage -> polarity fix (-20% in noise) 
Enclosed transistors (-30% in noise)  

Extrapolated results to be confirmed with final 
prototypes
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most important and most discussed plot … 

First measurements of front-end 
stage prototype for ABCStar 
indicate much improved noise 
behaviour 

Module 
Type

Fluence
(x E14)

Charge 
(500 V)

Charge 
(700V)

Noise
(e-)

S/N 
(@500 V)

S/N 
(@700 V)

SS 8,07 13,73 16,12 630,25 21,79 25,58
LS 4,13 17,28 19,47 748,96 23,08 26,00
R0 12,26 11,52 14,04 652,14 17,67 21,53
R1 10,11 12,54 15,00 640,33 19,59 23,43
R2 8,72 13,33 15,74 657,26 20,28 23,95
R3 8,01 13,77 16,16 643,93 21,39 25,10
R4 6,80 14,64 16,98 795,68 18,40 21,34
R5 6,00 15,30 17,60 835,36 18,32 21,07

LS3 efficiency
ABC130 noise occ.

New front end noise occ.
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Towards Full 
Systems
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Staves and Petals 

Prototyping full staves and petals 
Working on detailed quality assurance 
and control procedures 
FEA calculations and IR measurements 
Readout developments 
…. 
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Global Structures

28

Barrel staves loaded into shelfs within outer cylinder (@ CERN)

End-cap petals are loaded into end-cap structures (@DESY and @NIKHEF)  
Services for barrel and end-caps running along outer surface of end-caps 
Barrel and end-caps to be merged and tested at CERN before installation into ATLAS
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Conclusions

New tracking detector for the high-luminosity  
phase of ATLAS taking shape 
Proposed tracker in most areas achieves the  
same or somewhat better performance as the  
Run-2 tracker, but with 200 pile-up events. 
Improved performance for boosted objects  
and extension of tracker acceptance helps the  
sensitivity in multiple HL-LHC physics analyses.  

Technical Design Report submitted and hopefully published in May.  
The involved German institutes took  
over the responsibility for the assembly  
of one full end-cap of the strip detector  

We will be very busy in the next years !

29
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Backup
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Increased radiation tolerance and higher granularity to keep occupancies low  
Larger readout bandwidth capabilities 
Reduced material in front of calorimeters  
Extended coverage at high η  
Pixel system extends out to larger radii. 
More pixel hits in forward direction to extend tracking. 
Outer active radius slightly larger to improve momentum resolution. 

31

Inner Tracker Overview



Ingrid-Maria Gregor, DESY -  The ITk Strip Detector

Number of Hits

32

Starting Point: Letter of Intent  (LoI) Layout

5

‣ Full Silicon detector  
- central: 4 Pixel layers and 5.1 Strip layers (double-sided)   

- endcap: 6 Pixel discs and 7 Strip discs (double-sided)

~ 14/track

> 14/track

measurement count:

Track parameter Existing ID with IBL Phase-II tracker
|h |< 0.5 no pile-up 200 events pile-up

sx(•) sx(•)

Inverse transverse momentum (q/pT ) [/TeV] 0.3 0.2
Transverse impact parameter (d0) [µm] 8 8
Longitudinal impact parameter (z0) [µm] 65 50

Table 6.7: Performance of the existing ID with IBL, and of the Phase-II tracker for transverse momentum
and impact parameter resolution. sx(•) refers to sx for pT ! •, to remove the contribution due to material.

Some of the main considerations leading to this layout are listed below:

Number of hits along a track: Experience with the current detector indicates that to minimise the
number of fake tracks (tracks found by the software with hits that do not belong to a single
particle) at high pile-up requires tracks have at least 11 hits. Figure 6.3 (a) demonstrates
an increase in the ratio of reconstructed to generated tracks with increasing pile-up, which
signifies an increase in the number of fake tracks, for reconstructed tracks requiring at least
nine hits. This is avoided in the case of requiring at least eleven hits per track, as shown in
Figure 6.3 (b).
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Figure 6.3: Ratio of reconstructed to generated tracks from tt̄ at various levels of pile-up for two different
track selections: requiring track reconstruction with at least 9 hits per track (a), and with at least 11 hits per
track (b).

The 11 hit requirement leads to a close correlation of the radii and lengths of the barrel layers
with the z-positions of the disks. Given that each strip module provides two hits, to ensure
robust tracking even in the presence of dead modules, the layout aims to have at least 14
silicon hits. Figure 6.4 shows this is effectively achieved to |h | = 2.5 for primary vertices

– 62 –

minimum 11/track needed for controlling  
the pattern recognition at <μ> ~ 200

increasing fake component,

additional tracks from hadronic showers
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TID Bump

The leakage current is the sum of different 
mechanisms involving:  

the creation/trapping of charge (by radiation) 
its passivation/de-trapping (by thermal 
excitation)  

These phenomena are dose rate and 
temperature dependent!  

Charge trapped in the STI oxide  
+Q charge  
Fast creation  
Annealing already at Tamb  

Interface states at STI-Silicon interface  
-Q for NMOS, +Q for PMOS  
Slow creation  
Annealing starts at 80-100C 
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The	leakage	current	is	the	sum	of	different	mechanisms	involving:	
• the	creaOon/trapping	of	charge	(by	radiaOon)		
• its	passivaOon/de-trapping	(by	thermal	excitaOon)		
These	phenomena	are	Dose	Rate	and	Temperature	dependent!
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Is	there	s%ll	the	need	for	ELTs	
and	guard	rings?
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On	the	basis	of	our	understanding	of	the	mechanisms	leading	to	the	leakage	
current,	the	following	scenario	is	plausible	for	disconOnuous	irradiaOon	tests

Irr
ad
ia
tio
n
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--

STI = shallow trench interface

not to  
scale!!

Surface effects: Generation of charge traps due to 
ionising energy loss (Total ionising dose, TID)  
(main problem for electronics).
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Numbers

34

Layer Radius staves per 
layer

# of 
modules # of hybrids # of ABC130 # of 

channels m2

0 405 28 784 1568 15680 4,01 7,45

1 562 40 1120 2240 22400 5,73 10,53

2 762 56 1568 1568 15680 4,01 14,75

3 1000 72 2016 2016 20160 5,16 18,96

Total full barrel 392 10976 14784 147840 37,85 103,43

Disk z-position petals per 
disk #modules # of hybrids # of ABC130 # of channels m2

0 1512 32 576 832 7168 1,83 5,03

1 1702 32 576 832 7168 1,83 5,03

2 1952 32 576 832 7168 1,83 5,03

3 2252 32 576 832 7168 1,83 5,03

4 2602 32 576 832 7168 1,83 5,03

5 3000 32 576 832 7168 1,83 5,03

Total end-caps 384 6912 9984 86016 11 Mio 60,39

Total total 17888 24768 233856 48,9 Mio 163,82

in Germany: ~4000 modules, assembly of 30 m2 of silicon 
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Strip Detector 

Staves are arranged in concentric cylinders centred around 
the beam-line 

overlap is arranged to make the layer hermetic down to 
1 GeV/c tracks 

Double-sided layers with axial strip orientation and rotated 
by 26 mrad on other side (z-coordinate) 

A sandwich construction for high structural rigidity with 
low mass. 
End insertable (in z) to allow repairs up to the very last 
moment. 
Silicon Modules directly bonded to a cooled carbon  
fibre plate.
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o Silicon Modules directly bonded to a cooled carbon fibre plate 

¾ Plate a sandwich construction for high structural rigidity with low mass 
o Services integrated into plate, including power, control and data transmission. 

¾ Called a Stave in barrel region 
¾ and a Petal in the forward direction 

o Attached to a global Support structure 
        (not discussed here) 

o Goal to Eliminate less 
  attractive features of SCT 

 

Cooling Pipe embedded in 
  thermal foam  

Sensor 

Hybrid 

Edge close-out 

Bus Tape, bonded to CF skin 

Core filler, honeycomb, 
Foam, corrugated  

CONCEPTS 

2 

Staves are arranged in concentric cylinders centred on the beam-line as illustrated in Fig-
ure 6.36. The staves are rotated a small angle (the tilt-angle) away from the tangent to allow an
overlap in the f direction. The amount of overlap is arranged to make the layer hermetic down
to 1 GeV/c tracks, by choosing the number of staves in the cylinder, the cylinder radius, and the
tilt-angle. The tilt-angle is � 10�, tuned to allow a 15 mm thick envelope around each stave to pre-
vent interference between adjacent staves. The direction of the rotation is chosen to minimise the
amount the Lorentz-angle spreads the charge among strips. The overlap is sufficient for software
alignment, with at least 2 % of tracks passing through the edges of two neighbouring staves. The
number of staves in a cylinder is chosen to be a multiple of 4 so that each quadrant is identical; this
simplifies the routing of services and the design of structure supports between cylinders.

Figure 6.36: Arrangement of staves in barrels. Staves are tilted 10 degrees

The petals are arranged to make the end-caps hermetic down to 1 GeV/c. The first disk is
the most critical as it has the highest low-pT acceptance. The overlap is achieved by increasing
the sensor active area so a petal covers slightly more than 1/32nd of 2p . The optimum layout is
being evaluated, with two options: the turbofan (figure 6.37) and a castellated layout (figure 6.38).
The turbofan is akin to the barrel stave arrangement. However, in the end-cap region the geometry
means that the gap between neighbouring petals increases with radius. A tilt-angle of about 13�

is needed to give a 15 mm thick envelope at the inner radius, ending with about 45 mm centre-to-
centre at the outer radius. The castellated version currently also has a large gap all the way along
the petal (about 45 mm) but it may be possible to reduce this by moving the support disks out from
between the petals and by moving all EOS connectors onto one side of a petal.

Table 6.13 shows estimates for the radiation length of a single short-strip barrel stave as well
as for a petal. These numbers represent best estimates based upon stave and petal prototyping and
extrapolation to the use of expected lower mass components (e.g. ABC130 hybrids and titanium
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Cu bus 
tape 

Ti coolant tube 

Carbon honeycomb 

Carbon 
fibre 
facing 

Readout ICs!

Si Strip 
sensor 

Kapton flex hybrid 
Stave cross-section: 

High T conductivity  foam 
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Powering an ATLAS ITk Strips Module

Power board input 
10-12V DC LV 
Bias voltage (~500-700V) 
I2C control 

Features 
HV filtering & optional switching  

3 to 4 modules share a  
common HV supply line 

LV  
conversion 12V → 1.5V 
switching 

Control & Monitoring :Dedicated ASIC to the the job: 
LV on / off 
Major component in power up sequence 
LV individual front-end ASIC control, to ensure normalised power consumption 

in all use states → even temperature → even support strain/deformation 
Monitoring: LV and HV currents, temperatures, … 
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Powering an ATLAS ITk Strips Module

Blue-Black drawing to show where  
components are located 

Red-White drawing to show  
different EC shapes 
R3 is special with 2 DCDC  

converters (12V → 1.5V)
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HV Multiplexer

Not practical to bring individual HV cables to each of the 17888 ITK strip modules 
Insufficient cables available in type 3-4 services, significant material in service modules, 
insufficient room on bus tape with current technology/geometry 

Two paths studied 
HV-MUX (baseline): Detector Control System  
controllable switch which would allow  
connection/isolation of individual sensors  
from a common bus 

Minimises material on local supports  
and service modules for HV services 
Requires a rad-hard HV switch transistor 

Ganging (backup): Connecting 3 - 4 sensors  
together with four HV sections per stave/petal 

Implemented in bus-tape designs 
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HV Switch R&D Results

Many devices types tested, so far with two best 
potential devices left: 

600 V GaN JFET is the best device as of now  
Shown to be radiation tolerant 
Larger sample sizes to be tested to show reliability 

Custom vertical JFET under-development 
More work needed on radiation tolerance

39

GaN FET

CNM VJFET
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The World of ITk Strips 

40

ATLAS ITk strips people are also all around 
the globe  
Currently about 200 people are involved in 
the work


