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The new silicon tracker

Replacing the old Inner Detector by a new all-silicon Inner Tracker (ITk)
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The new silicon tracker

Replacing the old Inner Detector by a new all-silicon Inner Tracker (ITk)
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Goals and challenges of the ITk

FayoutrgealsMamtain erimprove resolution and panticle

identification pErGRMance Gl current |

High speed

Radiation tolerant

High granularity

Low cost

Low mass

Low power
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The strips tracker

5.

The outermost region of the Inner tracker . p

4 barrel cylinders, 6 EC disks per side

160 m? of silicon, 50 M channels
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The strips tracker PETALS

“Stave” and “petal” concept 6 (9) types of single-sided silicon
modules per side

Carbon fiber “sandwich” structures supporting
multiple strpisiliconmoedulesiinside the
tracker

STAVES
14 identical single-sided silicon
modules per side

Embedded cooling andielectrical ’connections

Modulestare directly glued onte the Structures
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Double-sided modules approach

The “super-modules”: an earlier alternative
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Double-sided module geometry with the same
building blocks (sensors, ASICs, power and
DC-DC boards)

Ultimately, coolingandiamoeuntieiimaterial
CONCENS; apantfrom the lackiohiaviable

appreachiernthe endcap regions; led to
discarding thistoption faverng the stave
andpetal approach

S. Gonzalez-Sevilla et al., JINST 9, P02003 (2014)
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High granularity

The geometry of the endcap petals is dictated by the particle occupancy
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DESY. ATLAS ITk stri;- b

First Pre-Production R4 module, built at

The strips modules TRIOME (Canaca

Physics Institute
. ’ )’ ‘ Albert - Ludwigs
; University Freiburg

D12 D11

Endcap Star
testframe U

Aug 2020, KM
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First Pre-Production R4 module, built at
TRIUMF (Canada)

The strips modules
S ’;j ATLAS % Tk O M’—‘é@mwjac
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Radiation tolerance

Differentiation factor for microelectronic technologies

Silicon microstrip sensors: n+ strips in p-type
FZ substrate (n-in-p)

Fasteriand more rad=hardithanip=in:-n

Good signalleven undersdepleted

\Wellfestablished technolegy.

Guard Ring
(- y— Bias Ring

p-spray/stop ﬂ e
p-bulk

Un-depleted

Al p*
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Radiation tolerance

Differentiation factor for microelectronic technologies

Silicon microstrip sensors: n+ strips in p-type
FZ substrate (n-in-p)

6" wafer. technology (~10x10 cm?)

Spatialiresolution = 20/ um

Fasteriand more rad=hardithanip=in:-n

(600d 'signalleveniunder-depleted IIMETEsolUToN =ssins

\Wellfestablished technolegy.

Guard Ring
y— Bias Ring

p-spray/stop ﬂ e
p-bulk

Un-depleted

Al p*

DESY. ATLAS ITk strip petals | S. Diez Cornell, 24.02.2022 Page 13



Radiation tolerance

Differentiation factor for microelectronic technologies

Silicon microstrip sensors: n+ strips in p-type

FZ substrate (n-in-
( p) 6” wafer technology (~10x10 cm?)

Spatialiresolution = 20/ um

Fasteriand more rad=hardithanip=in:-n

(600d 'signalleveniunder-depleted IIMETEsolUToN =ssins

\Wellfestablished technolegy.

Guard Ring . S - o
¢ s~ Bias Ring Radiation hardness well
Siozﬂmmn+ understeodioverthe years - 2f i
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p-bulk SENSOIS MEELSPECITICAIGNS alter, S 15f -
irradiations G [ ekriieions
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Radiation tolerance

Differentiation factor for microelectronic technologies

Readout and control electronics: 130 nm CMOS
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Radiation tolerance

Differentiation factor for microelectronic technologies

Readout and control electronics: 130 nm CMOS

@ldi butconsolidated technelegy nede

(CoSt-effective

Jechnoloegy continuity guaranteed

(" ABCStar ) [ HCCStar ) ( AMAC )

Front-end On-hybrid On-module
chip digital monitoring
Binary interface and control

\_ readout AN chip AN chip Y,

Radiation-hard by design

Enclosediayout transistorr geemetny tormitigate total \d 0Se Eeffects

Jrplicationflegic tormitigate Single Event: Upsets (SEUS)
— “Majority wins”
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EoS Master
Low mass support structures Siiconmoduies \

Minimizing the material of support structures Bus tape + facesheets

Petal “cores”: carbon fiber-based sandwich
structures with embedded cooling

Cooling loop ==
J Top closeouts
I\glJlJ]tj andistanill Iy Lateral closeouts
EoS slave

Petal core
Carbon honeycomb

/M]achanical precision

™ Bus tapes

Bottom closeout

® Facesheets

¥ Honeycomb

= Allcomp

® Pipe+ E breaks

= Torlon COs+ PLs <
C-channels —
Adhesive

2505¢g

‘/Tngmuasl Ciiical
PErermance

\/L.ow Mass.
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Low mass support structures

“Facesheets”: bus tapes co-cured with CFRP pre-preg

185 um thick

1 mil PI{25um)
1 mil Adh (25um)
1/2 Cu (17.5um)

1/2 Cu (17.5um)
1 mil Adh [25um)
1 mil P1{25um)

@ptimized o640 VIHzZdiferential’signals

Co-cured togetherinfauteclavewithilay=up: ol
KABC2U/EXLS15ICE pre-preg

Breather
Thin cf cover
Release film (50mm > btape)

Hi-temp protective tape
Bus tape

0/90/0 CF prepreg

Peel ply (234 TFP-1)
Release film
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High speed

Coping with 1MHz trigger rates

he STAR architecture
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High speed l 1

Data concentrator boards to the outside world 1.C

“End of Substructure” board: one per petal side
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The “petalets”

Multiple implementations of downlinks and split modules

Split readout: the “bear”

Common readout: the “lamb and flag”

34IS LNOY4S

iva BOLLE ¥aMod

BleQ® 91

Splittreadout'scheme proved torbe

|ESS NGISY and easier tomanufacture
mechanically

yiva B OLL ¥3MOd

34IS ¥ove
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Low power

Minimizing power dissipation and cable losses

e =65\ per petal
) R (E5rkireadout.channels)
g 2"/ ATLA ﬂﬁ'"k S 1.1 mW/ch

End
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Low power

Minimizing power dissipation and cable losses

=65\ per petal =5.1\W per SCirmodule
(E5rkireadout channels) (= L:5kireadoutichannels)
— 1.4 m\W/ch — 3.3 m\\/ch

...in one cable ...in'one cable
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Low power

Minimizing power dissipation and cable losses

=64 \W per petal =5.1\W per SCirmodule
(E5rkireadout channels) (= L:5kireadoutichannels)
— 1.1 mWich — 3.3 m\WJch

...in one cable ...in one cable

HV filter Control DCDC Power Block

PoWeEr board:

BuckiDEC=DE converterwithiswitch pewer,

I B -
DC-IX anNSIStors

onstant
voltage (F
s0NUrce
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Powering of ITk strips modules

A years long development...

Shieldless “stavelet”

[
Pt
Lk
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DC-DC:
Constant

voltage (F
SOUrce

Total current = n x (1/r)
Total voltage =V xr

. l.l.lll.l.l. . .I.I :

Serial power:

3 I
1 1,
Constant i {
curent ¢ | [ BB B 1"
source ’ }

Total current = |
Total voltage =V x n

Sensitvity, o1 SR terCVifandibiFnoeise and lack

Ol elficientoption o ECIed e DE-DE poWEr,
paseline

S. Diez et. al, JINST 9 (03), P03012 (2014)
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Where does it all go?

Integration and services
¥ W

Service trays

Outer rings

Stiffening disk

Blades

Inner cylinder

Global structiure mostly made out o CERPIO I CERP ' SandWiches

Modularselectricalfand SEnRVICES:

EOW M ass; | 0OW, COSt; |0W P OWET
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“Blades” or “spokes”?

A slide from six years ago...

Endcap integration structures: 2 options

CF blades are single units
CF structure to hold blades

Blades with petals are mounted in structure

-

ATRyBrIdiselution Wi

Most challenging is to precisely mount blades

The two concepts are not so different
Work on services, etc, shared between the two concepts
Both concepts benefit by comparing the two approaches

A

o

- Bl
S A

s

|

on “wheels”, kKinematic mount of

elejejiciel

Internal review in order to fix the baseline design will occur in May 2016

CF wheels with spokes are single units.
Wheels are put on inner tube.
Petals are mounted on wheels.

Most challenging is the production of the wheels

06 Apr 2016

S. Diez, 9th Terascale detector workshop (Univ. Freiburg) 27
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Where are we?

Pre-production is in full swing
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Thank you



The ATLAS spectrometer

“A Toroidal LHC ApparatuS” i

25m

Tile calorimeters

’ LAr hadronic end-cap and
forward calorimeters
Pixel detector \

LAr electromagnetic calorimeters

Toroid magnets

Muon chambers Solenoid magnet | Transition radiation tracker

Semiconductor tracker
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The ATLAS spectrometer

A meaningful size comparison
44 m

o )
n

ATLAS side view cross-section
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The ATLAS spectrometer

Semiconductor fracker
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Collisions at the HL-LHC

Increasing the luminosity tenfold

Tile calorimeters

LAr hadronic end-cap and
forward calorimeters

L ) Ji .
\ & . \;‘\% et —
|\ vy
__________________ / Pixel detector
......... Toroid magnets

Muon chambers Solenoid magnet

LAr electromagnetic calorimeters
Transition radiation tracker
Semiconductor tracker
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Collisions at the HL-LHC

Increasing the luminosity tenfold

Tile calorimeters

LAr hadronic end-cap and
forward calorimeters

Pixel detector
LAr electromagnetic calorimeters
Transition radiation tracker

uctor tracker

Increased instantaneous luminosity
103* cm?s 1 — 5-7.5x 103* cms!
and pp interaction per bunch crossing
25 —>200
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Increased integrated luminosity
300 fb* — 3000- 4000 fb!
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Collisions at the HL-LHC

Increasing the luminosity tenfold

2 ,ﬁ,:

asnmannee? g =
Tile calorimeters
LAr hadronic end-cap and
forward calorimeters
Pixel detector
LAr electromagnetic calorimeters
Transition radiation fracker
uctor tracker
<u>~ 200
Increased instantaneous luminosity
34 21 34 -2l : . .
10°* cm*s™' — 5-7.5x 10°* cm~s Increased integrated luminosity
and pp interaction per bunch crossing 300 fb1 — 3000- 4000 fb1
25 > 200
Higher data rate Increased detector occupancy Increased radiation environment
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Double-sided modules approach

The “super-modules”: an earlier alternative
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Double-sided module geometry with the
same building blocks (sensors, ASICs,
power and DC boards)

TPG, AIN, carbon-carbon sheet and
precision washers as support

Cooling lines at the modules periphery

S. Gonzalez-Sevilla et al., JINST 9, P02003 (2014)
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Embedded fan-ins?
o%y ATLASFITK

Physics Institute
Albert - Ludwigs
University Freiburg \/\l

Hybrid controller
chips

vid £ ZW
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REBE=S g
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Front-End chips

Front-end
wirebonds : - -
M Ullan etal .'NIMA 732 178 181 (2013,)
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testtrame U
HV tab

Higherloadicapacitance persthip 3.‘, Aug 2020, KN
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The TID “bump”

Unexpected effect at low ionizing doses on 130 nm CMOS technologies

‘ i leak‘
1
] Low Temp/High Dose Rate /
i High Temp/Low Dose Rate
i c :
.9 leak
T
©
-
E - Ieak“
L
S
O /
1 - leak
~ 0.7 Mrad
TID v

Venyssignificantieffect-on powerconsumption atithe
early stages ofithe detector,

[Digitalicurrents recover afterafew: Mrad
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The TID “bump”

Unexpected solution for an unexpected problem

6

55

5

4.5

Chipsetdies are pre-irradiated up to

Digital Current Increase Ratio

~ 5 Mrad even berore module
construction

w
(8
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VXCVOT1H_350_irradiated

= VXCVQ1H_70_un-irradiated
— WXCVQ1H_80_un-irradiated
— VXCVO1H_351_irradiated
WXCVQ1H_361_irradiated
— VXCVQ1H_270_un-irradiated

— VXCVQ1H_022_un-irradiated

Pre-irradiated
ASICs

\

0.5

1 1.5 2 25 3 3.5
Dose[Mrad]
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Low mass support structures

Petal core

m Bus tapes

® Facesheets

® Honeycomb

= Allcomp

® Pipe + E breaks
® Torlon COs + PLs
m C-channels

= Adhesive

250.5¢g

Fully loaded Petal

m Core

® Modules

= EoS

B Module-on-core adhesive

548.8 g
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Low cost

Harmonized tooling and automation

4@l COGNEX |
camera

' Master pC Gantry system

Glue dispenser

PDedicatedeffort:onitoeling and procedures toravoid
[eanningcurvestoradifferent:moauletypes

AUtomationrefigiuedispensingrand module’oading
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The ATLAS ITk strips tracker

Where are we?

Production is around the corner

To
2021
| Q2 Q3 Q4 1
@ Sensors FRR
. ABCStar PRR

@ HCCStar FOR

@ 5trip Integration FOR |
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2022
Q2 Q3 Q4 i Q2

. HCCStar PRR
@ AMAC PRR
@ Module PRR
@ Bustapes FRR
@ EoSFPRR
. DCDC FRR
@ Local Support cores FRR
@ LS Module Loading FRR
@ Senice Module FDR/PRR
. Type Il Cable and opfical Link FDR

2023
Q3 Q4 1

@ Type Il and Optical Link PRR

. Type lll FDR

. Type llFRR

FF3 FDR

@ FP3FOR

@ PP3FRR

@ Stip Integration FOR I
@ FP2 FDR
o @ PP2FRR
FS FDR
@ FSFRR
@ FP4FDR
@ FP4FRR

@ systems FOR

Q2

2024
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