


Barrel module
x 10,976
‘Cell of the detector’
Key Cambridge
deliverable

adhesive

UK/China committed to
delivering 50% of the
ITk strip barrel: 198
staves hosting 6500
modules.

Current: SCT (60 m?) Upgrade: ITk Strips (165 m?)
6 million channels @ 10 kHz 60 million channels @ 1 MHz - .

Stave x 392
2 x 14 modules
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Sensor production and QC
«

Module production

Sensor supply vs Module Builds UK/C 800

B cumulative sensor deliveries [l sensors held in stock
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“The ITK Strip Module comunity presented a tremendous amount of material demonstrating a
very advanced design and a good understanding of most of the issues related to reliability,

‘ functionality of the system in general and showed that technical choices were based on deep
: knowledge and understanding of the risks and possible failures, and all the technical decisions
% were extensively justified and motivated.”

" May 2023: ITk Strip Modules Production Readiness Review (PRR)

Executive Summary. The review is conditionally passed with follow-up actions. In the course of
pre-production, modules have been found to exhibit unacceptably high noise levels when cooled

down to ITk operating temperatures (“cold noise”).

November 2023: Module cracking confirmed

Featuring heavily in the 2023 HEP extravaganza ITk talk
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https://indico.cern.ch/event/1349851/contributions/5682636/attachments/2763526/4817156/ITk-HEPextravaganza-6Dec2023-JL.pdf
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Mitigations:

Waves coupled into
sensor through PCB
and glue layers

Compliant glue
under electronics
quenches vibrations
but causes HV
breakdowns

Acoustic waves in
sensor propagate and
are generating signals
in channel front-end
electronics when at

G sub-zero temperatures
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\ CTE = Coefficient of Thermal Expansion = (1/L)(dL/dT)

Material Modulus (GPa) CTE (107%/K)

Silicon 160 2.6

s Copper 120 16.7

| Kapton 2.5 20

‘ Epoxy 3.1 60

SE4445 0.001 —

Bal Shags
b b
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Mismatched CTEs between glue at
flex-sensor & sensor-stave interfaces
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Cracks observed in modules
mounted on a stave.
Complex, expensive objects
requiring lots of effort and
time to assemble and test
Looking for ways to assess
headroom

Cambridge study to crack
individual modules in a
controlled way

Whole ITk strip barrel
community busy chasing its
tail in 2024
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e Module bow is a symptom of module internal stress

Hypothesis:

e Due to the CTE mismatch, module bow depends on temperature

e Glue used in assembly has a ‘stress release’ and ‘glass transition’ temperature

%@ e Cycling modules to high temperatures will ‘bake in’ bow
e Cycling modules to low temperatures will create additional stress

Experiment: build 5 modules and thermo-cycle these to increasingly high / low
temperature ranges while monitoring bow, breakdown behaviour etc.

L 4 Vary: upper cycling temperature 40C etc
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Bow vs MTC study reaches dramatic conclusion

Module bow vs T cycles Introduced/details of study in HV BD TF 16 Feb, 5 Apr Standard-gap TrueBlue
== CAM-PPC-LS-01 == CAM-PPC-LS-02 CAM-PPC-LS-03 == CAM-PPC-LS-04 == CAM-PPC-LS-06 <— built with reject sensors
300 :
“Reversible phase” . “Hysteresis phase” i ive!
Measured outside P : 4 Isp Cracked x2 - Still alive! (Early HV _
coldbox at 20C Criticality breakdown ~250V last Friday, but
: restored over weekend...)
200 : - .
l Accident chipped sensor 10x [45, —44]C ongoing. .
£ < Cracked
]
R - Cracked Why important:
@ : Cycling [40, —44]C induce
3 : s S - 0
2 T__ <30C: baseline control data —— T__ > 30C: add stress 169 cycles! | bow increase 100% &
0 : high 80% fracture rate.
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SITITIITITTLOTOTO T 0L T PSPy Ourintemoser SS module
O O o O Y oY Q& Q X <
FOIRE S 0*0% S \0*%&\ do% &8 \cﬁ%&o oo d@e\ o o %{\o&e %(@@Q SNGG upderwent 1Qx [40, —44]C
N N RN Y 9 &¥° S with no bow increase =

1 Ultra-long-term study started MTC 02/02/2024 at Cambridge hinting stress decoupled.

UNVERSITY OF  ITINd 417 | Tk Strips | Module Meeting

CAMBRIDGE


https://indico.cern.ch/event/1409719/contributions/5925198/attachments/2844725/4974058/Cambridge_25042024.pdf
https://indico.cern.ch/event/1381806/#2-hv-breakdown-studies-at-camb
https://indico.cern.ch/event/1401224/#3-update-on-thermal-cycling-an
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CAM-PPC-LS-02 (20USBML1235184)

q CAM-PPC-LS-04 (20USBML1234747)
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Introducing: Interposers

CTE mismatch between copper in flex PCBs and silicon ==
results in stress on sensor exceeding its breaking strength L1 Elecronics

Sensor

SE4445

Introduce interposers:

compliant layer to mechanically decouple electronics from
sensor: SE-4445 silicone gel + Kapton foil to separate
silicone and TrueBlue epoxy glue systems

berid PowerBoard Another hxbrid
Flexes

1
I N S M New! FEA: OK'to have
Kapton fol individual interposers for
I BN BN TrueBlue epoxy

Sensor hybrids, powerboards

ITk Strips rFDR | 3 December 2024


https://indico.cern.ch/event/1380812/contributions/5852024/attachments/2817386/4918929/240301_ITk_Interposer_v5.pdf

CAM-PPB-SS-04: world’s first ITk interposer module
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20USBMS0000302 DESY testbeam, CERN irradiation + testbeam: still good!

ATLACP I ITk Strips rFDR | 3 December 2024



AR B s R ny
[ =W § “7 g9

Long-Term Cycling Bow Results: Barrel

* Interposed modules withstand more B o e
cycles to higher temperatures before /'
acquiring permanent bow 3;333 ) ——

Y oo [y Non-interposed
» But do still acquire permanent bow =

with high temperature cycling

* Neither interposed module cracked, :
whereas 4/5 non-interposed LS 1 '
modules cracked under similar testing | o s o v )\

* Indicates that interposing
significantly mitigates thermal Fi§
stress in the barrel (but does not "+ < ¢
completely decouple it)

Diagram above compiled from 170 bow measurements over 400 thermal cycles
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Cold Noise Study: False Blue

* To what extent does interposing improve
cold noise?

nput Noise (ENC)

* Built 2 interposed SS modules with False
Blue glue in an attempt to provoke cold
noise

{

3
:

Blue glue known to enhance cold
noise, SS modules have higher load

» Worst-case interposed module cold
noise performance (SS FB) comparable
to non-interposed module with True Blue

» Supports observation that cold noise
does not appear with interposed
modules built with True Blue
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* Worst-case cold noise scenario: False

oo XHybrid } e Y Hybrid
_Sts True Bt:ue, il SS True Blue,
i non-imerposec mocu o | m!’: 5 ﬁsoa-interposed module ]
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Module cracking rate

0.5

0.4

0.3

0.2

0.1
y=0.0161e0-06%
.......... R*=0.9325
) R R L
-5 -25 -45
Hybrid NTC temp
® Combinded SE4445 and Hysol
--------- Expon. (Combinded SE4445 and Hysol)




SANTE

:%m

SklllS of the year




—

NN . . W AR LAt L AL

Item of the year

4(A



4

“

'f,; Pie

CAV=X

Protocol Cavex Alginate jMi:
i

CAVEXFOR DENTAL USE ONLY













a2 AL IO SN
pe) o e

S @ s AYEEERTN PR T, . o i






