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ATLAS Inner Tracker

e The Inner Tracker is an all Silicon system Strip End Cap

e 2T magnetic field, 6m long, 1m radius and eta range e 192 Petals
In|=4 e 3546 Modules

e 5 Central and multiple Forward Pixel Layers e 11M Channels

e 4 Central and 6 Forward Strip Layers e 30.2 sqg.meters

Strip Barrel
e 392 Petals
e 10976 Modules
e 37.9M Channels
e 104.86 sg.meters



Assembly Overview

Overview of the module and its layers step by step
A difference in geometry between the Barrel Module and the Petal one
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Sensors

e 320um thick n-ip-p float zone Si
sensors

e The Barrel has 1 sensor shape
with 74.5um strip pitch and the
length is either 23.9mm (short) or
47.75mm (long)

e The Endcaps have 6 different

Guard Ring

geometries as we call them o, 2 00 .
flavors (RO-5), and lengths from ‘ pavson TN
I

8.1mm up to 49.9mm

Un-depleted
p'

Al

Improved tolerance against radiation, and
better charge collection
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Readout ASICs

640 Mbps 160 Mbps
Cock&

ASICs are fabricated in 130nm CMOS technology e
The readout is mounted on a low mass flexible pcb ..[227
(Hybrid) and we have 2 types for Barrel and 13 for ™
the End Caps (due to geometry difficulties)

ABCStars HCCStar i =
e Binary Chip e Hybrid Control Chip ===
e Read analog signal e Aggregate and send out data AMACStar
from sensor packets from the ABCStars e Autonomous Monitor
e Encode hit patterns e Send clock and control Signals and Control Chlp
in clusters to ABCStars e Hosted on

powerboard
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The Module

The silicon strip module consists
e Binary readout (ABCStars)
e Hybrid controlled chips

Front-end readout

Hybrid Controller connected by 25 um
(HCCStars) Chip (HCC") wire bonds

e Glued to the surface of the Digital Interface

Silicon sensor "
e 5200 Bonds (whole module)
e DC-DC powering (on

PR ———

O

powerboard) Front-end: ATLAS
binary readout chip Autonomous
(ABC*) monitoring and control

(AMAC)
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Local Supports

« 28 Barrel modules on each stave
(14 modules per side)

* Short strips on inner two
cylinders

* Long Strips in outer two cylinders Endcap Petal SESCSNY TS
* Modules on each side of the stave
rotated with respect to the beam
line by a 26 mrad - total rotation of
52 mrad

Barrel Stave

« 26 Endcap hybrids(18 modules)
on each petal (13 hybrids per side,
rings RO - R5), stereo angle of 20
mrad directly implemented in
sensor geometry - total stereo
angle of 40 mrad
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Module QC Testing
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Challenges

Cold Noise Module Cracking
e At-35Conthestrips e Hard Breakdown
under the Hybrids and below 100 Voltage
PB e These often exhibited g
e Correlation with glue high or low noise
e Greater effect on SS channels near the

modules due to higher cracks

power consumption

Away from PB T Under PB
ATL-ITK-SLIDE-2024-293
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e -35C
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Cracking Location

e First cracks were observed at the petals on PPB under the power boards after -
45 C tests on climate chambers

e Cracks seen from stave thermal cycling were observed near the power board,
typically between hybrid and PB
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Reason of Cracking

e Due to difference of the CTE between copper in flexis and sensors (copper
contracts more) a tension occurs

e The attachment to the stave constraints this effect, creating local bent regions
with high stress flexes and sensor curl upwards. Sensor between flexes is
bent in opposite direction Peak stress occurs in gaps between flexes SE4445
silicone gel elongates instead of preventing localised change in bend direction

Peak stress

Flexes l l

gg:‘fsglrue = m—= = — - -

Soft Glue T /‘.*‘=_\
Stave oy
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Solution

Problematic To solve the problem of the
BN BN BN Floxes stress that building up there
ﬂ“ were two possible solutions ,
after tests we conclude to the
R e L= Interposing process

Interpose between the flex and the true blue
layer the SE4445 glue and kapton layer.
e The glue decouple the thermal stress
e The simulations predicts 95% stress
reduction
e |tis a bit complex to integrate into the
workflow

A TLAS



Solution Results

After 5 cycles to - 70 Celcius
Five more cycles +20°C to -70°C , with 4 hour dwell at -70°C before cold test. Five
more cycles +35°C to -70°C , with 1 hour dwell at each temperature. ZERO

CRACKS! Anne Fortman 17 May: Berkeley (US) built modules tested with 1.5 1C charge ¢
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Interposing Procedure

Receive in -
i Wire-bonding Upload data in
Production DB Glue '
Product DB
I Dispensing Metrology roduction
| I I
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Difficulties of the Interposer

Example of ROH1 hybrid upon reception
The biggest problem with this solution is the .
complex geometry of the Petal and the 13 e
distinct hybrids to process. Also the consistency -y
of the SE4445 glue and the hard limits of the
kapton sheets

?i?!igialtwes: e “'1 .
i - Back side of ROH1 hybrid
§ [% 5 T after interposer gluing
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Kapton Overhang

Early observations: Improved setup & procedure:
Kapton protrudes on a number of interposed  *Persistent misalignments

hybrids along different edges, including critical identified as originating from
non-uniformities along

iInterposer edges of Kapton
parts received

*Developed in-house Kapton
cutting with Inkscape program
for more precise Kapton
profile.

(achieving <10um precision

at all edges
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Glue Mixing

Early observations following instructions from DESY:

*SE4445 requires 2-components to be thoroughly premixed manually before being mixed together (along
with glass beads)

*Behaviour of mixed glue was observed to be inconsistent between several trials and lead to glue mass
variations and inconsistent dispensed dot shapes

Improved setup & procedure:

*Now use fully automated pre-mixing step with programmable mixer (SmartMix X2) + in-house designed
agitator and supports

*4 mins at 150 RPM, for each component

Enables very consistent final mixture and greatly improved glue mass deposition results

gssggg
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Challenges and Solutions

We developed a program to automate the glue dispensing part

We create new kapton profiles with under 10 um precision

Developed in-house Kapton cutting to mitigate uniformities

Developed custom made agitators for the pre-mixing

Developed numerous of special jigs for all the handling and transit of the hybrids
A LOT of fine tuning between flavors

........
.........

.....
......
Tresiiliten,

After tuning

........
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Production Progress

November 2025 January 2026 April 2026




Current State of Production

Interpose Errors Goal ( hybrids)
November 2025 10 per week 1-2 per week 15 per week
January 2026 20 per week 1-2 per week 15 per week
April 2026 45 per week 0-1 per week 15 per week

As we can see the current state is very promising and can complete 3 times of the
workload per week after all the optimization and the tools we developed
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