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From ECFA Roadmap TF 7 to DRD7 collaborati@ifonics and Ouletector Processing)

A TheDRD collaborationis a concreteand dynamicR&D program focusedon the developmentof critical detector
technologiedor future large-scaleexperiments asidentified by the ECFAetectorR&DRoadmapraski-orce?.
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A 64 Universities& researchcentersinvolved,15 confirmedprojectscovera wide rangeof noveldetector technologies

A Researcharea Data Density,Power efficiency, Intelligent On-Detector, 4D & 5D techniques,rad-tolerant and cryo-
tolerant electronics backedelectronics/systemand COTSCommercialOff-The Shelf),compleximagingASIC£ 3D
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DRD7.6c Complex imaging ASICs and technologies

A Working Packages dealswith complextechnologiesmergingmultiple functionalities
suchassensorandprocessingmulti-tier (2.5Dand 3D)assemblies

A Project7.6a mm) Convenersvl. Barbero, M. Rolo, I. Sedgwick adSnoeys

A Thisproject aimsto provide commonaccesso advancedimagingtechnologiesthrough
the organization of common fabrication runs. These are initially envisagedfor the
TowerJaz280nm, TPSC65 nm andthe LFoundryl10nm CMOSmagingtechnologies

A Project7.6b (Sharedaccesgo 3Dintegration) mmp ConvenerM. Caselle
A Thisprojectaimsto developessentiatechnologiesfor both 2.5D and 3D integration that
can be quickly transposedto wafer-to-wafer 3D integration for a wide range of future

particle physicsapplications,rangingfrom low-temperature neutrino detectorsto high
radiationenvironmentHL-HLpixel detectors
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DRD 7.6k CollaborationUpdate

DRD7.6b

NO: Uni. of BergenJiB

CA: Sherbrook CERN Uni. of OsloWiO)
T FBK Uni. of Southeast Norway (USN)
US: Fermila —\ NorFAB

= DE: Max Planck (HLL)

FachhochschulBortmund
Q—/ Karlsruhe Institute of Technology
US: SLA

ESCNM (IMBCNM, CSIC)

—— Institutes that actively contribute to the project
—— Institutes in the process of joining as contributors
—— Institutes joining as observers

15 institutes, 5 large national labs with well-renowned experiencein interconnectiontechnology
anddetector production
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Which are the key technologies that are
expected to have a disruptive impact on the
detector community?
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EnablingTechnologiesand Main Objectives

Monolithic sensor

A 3D-ASICintegration on a single die as a low-cost, low-risk (TITPScoL Foundry) —a
demonstratorthat pavesthe way to future largearea3D- ;i memory + processing
ASlQGletector modulesassembledvia (expensivewvafer-to- BT AT SR ST AT AT
wafer(W2W)bonding ~~ FEEEEE¥

Novel potential for on-detector data processing by bare-silicon FPGA / RISC V

A Silicon interposers are the key enabler to integrate Frontend chipEum- ~ -+ Optical lnk

sensors, ASICsFPGA/Aland photonicsfrom multiple -
CMOSodesinto a unified, scalabledetector module — i

A Detector packagingtechnologiesfor large-areamodulesare vital to achieveultra-low mass,precise
assemblyand reliable high-speeddata links, aswell asthe power and thermal integrity required for

future large-areadetectors
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Integration ofS|PhdeV|ces on silicon and fiber attachment

A SiPhpackagingndfiber-attachment,at detector-moduleor wafer level,are essentiafor next-generation
optical data links Automatedfiber alignmentusingpick-and-placemachinesfurther enhancesassembly

precisionandthroughput

A Couplinggeometries(SiPh« fiber)
A Edgecouplers high couplingefficiency,broadbandand negligiblepolarizationdependence put more complex

passivaalignment(submicronlateraltolerance)
A Grating couplers compatible with wafer-level testing and probing, simple vertical fiber accessbut higher
Insertionloss higherinsertionloss,narrow bandwidth, polarizationsensitive
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Vertical interconnectionis the key element of these technologies,relying on TSV
formation, RDL,and W2W bonding, but they are complexand require infrastructure
andexpertisethat exceedghe capabllitiesof a singleinstitute/research center

How can we work together ?
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Vertical interconnectionis the key element of these technologies,relying on TSV
formation, RDL,and W2W bonding, but they are complexand require infrastructure
andexpertisethat exceedghe capabllitiesof a singleinstitute/research center

How can we work together ?

L 2

Collaborative Concept
By joining forces, sharing competences, and pooling infrastructure, we can accelerat
technology development and grow collective capabilities
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International Distributed Detector Laboratory

A Establish a distributed laboratory that operates as a-sabvice for the community
A Each institute highly specialized in one or more technological processes

Key parameters, are:
A Interface between institutes/processes
A Redundancy

A Complementary
A Development of new processes that are not currently in plac

From community

A Regquest of process/service
A Rapid prototyping of new detector
A Detector production (large scale)

Institute 1 Institute 2 Institute N
Process 1

Process 4

Process 3 .

»

Process 5

Process 2

To community
(institute/experiment)

4th DRI3 week,10-14 November2025(CERN)

Maintaining a strong connection with application/experiment requirements
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Pilot Project to validate and implement distributed workflow¢croro7.6:025)

A Define interfaces across institutes and laboratories ¢
Developclear and standardizedcommunicationchannels,
processes,and operational protocols to ensure seamless
collaborationandintegration

A Identify potential incompatibilities ¢ Detectmismatchesn
processestechnologiespr tools earlyin the workflow

A Develop and implement solutions ¢ Address
iIncompatibilitieswith efficient and practicalresolutionsto
maintainproductionconsistency
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Pilot Project to validate and implement distributed workflow¢croro7.6:025)

ThePilot Projectis a full-wafer engineeringun, entirely developedandfabricatedin-house
by DRD/.6b contributors ________ 6-inch wafer size

Simple enough to efficiently validate the distributed
workflow, Keystructuresare:

A Pilot Project interposer to assesschiplet integration,
providinginsightstoward the developmentof TSVsand
RDLcapabilities

A ER_GWT PSlasic designedfor testing of the 10.24
Gb/s GWTFPSI serializer embedded in the MOSAIX

stitthedsensorASIC  crosscollaboration DRD7.68 DRD7.6b
RISCV/ Al acceleratorasicfor Al on detector module

To

T>

HighfrequencyDGDCBuckconverterasa showcasing =~ ° = — Yy
_ N Cu and Al wafer size
pOWGI‘managemenintegl’atlon ¥ transmission lines

CrossCollaboration DRD7.2 DRD7.6 s e —
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DRD7.6b Pilot ProjectFabrication workflow

Ch_lplet Wafer Layout ARDL (Cu) { } Mechanical/Electrical
Designers tests
HLL

DRD7.6b

KIT - Norway- ~ FHDortmund
KIT, HLE ’
HLL CNM: s KIT Norway
FBK for TL
FHDortmund FBK (?)
Flip-chip

Interposer cross-section

SnAg /Au-stud (bump)
v, | o o Development of TSV
Si0, (0.2 -0.3 um ~ 1 S
e I o KIT, HLL (?), CNM (7

Si-bulk
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CourtesylLadislavAndricek



] Module design on wafer level

Ti:WCu RDL on
wafer level

A TheRDLprocessalreadydevelopedfor BellePXDcanbe quicklytransfredo the iIot
project

A A masklessalignerin operation enablesfast and flexible photolithographywithout the
needfor physicalmasks

“—

DRD7.6b Workshop, KIT, September 2025 Ladislav Andricek, MPG Halbleiterlabor



& The way forward: Wafer bonding

> Very versatile basic process step for (heterogenous) integration

b Wafer-to-wafer or collective chip-to-wafer bonding
& Sito Si, Si to other materials like compound semiconductors, e.g.

Courtesy of Ladislav Andricek

& "Hybrid bonding”: embedded Cu-Cu bonds for electrical interconnections
Direct and adhesive (temporary) bonding: EVG501

L SOl C-SOl

Plasma activation: EVG810 Cleaning/prep: EVG301

.
- “’ﬂ

> all tools ordered, infrastructure in prep, installation expected Feb. 2026

Hybrid Bonding: EVG Smart-View
& Aligned W2W bond

Ladislav Andricek, MPG Halbleiterlabor
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Integration Technologies atl IB-Cl
Future Perspectives

Miguel Ullan —’

miguel.ullan@csic.es
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Upcoming changes in the ICTS:

Ceniro Nacional de Microelecirénica  IMB

Cleanroom extension
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Heterogeneous integration

* Microchannels embedded in functional silicon interposers with

iIntegrated signal and power routing

— Combining the cooling capabilities with the electrical connection of the CMOS detector
» For signal and power routing = Redistribution Layer (RDL)

Courtesy of Miquel Ullan

Sensor

CMOS SENSOR

30



University of
South-Eastern Norway

Assembly & Integration Technologies
for Microelectronics & Microsystems
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Expertise & Future Prospect- Norway

" 2R
Berger{: < nqe :;ié) '
HoangVu Nguyen, PhD : in@‘ 1@.@.« drikstad
Associatd’rofessor at Departmewtf Microsystems smangéf'i?} \ Qi.en
University of Soutttastern Norway Il L. Sarendal

sy
Kristiansand

University of
m South-Eastern Norway 11/13/2025
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Development of advanced bonding technique
Solid-Liquid InterDiffusion (SLID / TLP) - Motivation

A Original motivation: Higtemperature stability
o HighTemperature applications
o High Temperature during manufacturing
0 Resists repeated processing temperature
A Eliminates need of solder thermal budget

A Welldefined, thin metallic interconnects
o Bondline thickness ~10 pum

. Hubner et al,

A Fine pItCh pOSSible icroelectronic Eng. 83 (2006), p. 215"

o 30 pm pitch demonstrated already =%
iIn 2006
o{ AYAf NI U2 a/ dz

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn

Source: ASE

University of
South-Eastern Norway 11/13/2025




NLotwemperatureo SLID bonding
Our focus In coming years

A Temperaturesensitive materials:
o0 Piezoelectric materials (poled)
A Not to approach TCurie temperature)
A T.~150°Cfor PZT (ultrasound transducers, actuators, etc.)
o Ferromagnetic materials
o Polymers

A Need for lowtemperature bonding Au(In-Bi) SLID bond for stacing
ultrasound transducer

A Lowtemperature solders
o In: T,=156°C
o IngBi: T,=72.7C
o Allows only low to moderate application temperatures (mustigeificantly
lower than T)

TiW and Au
adhesion and
seed layers

A Lowtemperature SLID bonding
o Bonding is not limiting factor for application temperature ' S it

University of CU‘(SHBD SLID bond for Si on Si
m South-Eastern Norway 11/13/2025 23
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MICRO NANO FACILITY

A

FBK platform for low mass flexible

interconnections

22/09/2025
ECFADRD 7.6b

,David Novel, Alessandro Lega, Maurizio Boscardin
novel@fbk.eu alega@fbk.eu boscardi@fbk.eu

L

ntribution of several colleagues of the Sensor and Devices Center



Low mass Aluminium Flex Platform
Final PCB and Material Budget

Courtesy of David Novel and Maurizio Boscardir

Material Budget XY

" ALPIDE . E
. >

FBK-FLEX
25 ym Kapton,
20 um Al

Al Interface PCR i
® Aluminumi polylmlde ultra-low-profile flex layers are a key enabllng

technology, particularly when combined with high-density TAB bonding, -
enabling advanced and smart interconnections directly on large-area

-3( silicon, up to wafer scale




Large area detector Key facility for assembling large silicon
prototype and production structures, wafer sticking or silicon ladders

module over 1 m?

KIT



Large area detector prototype and production

Wire-Bonding & Tab -Bonding Capabilities

® High flexibility : any position, orientation, or
angle across the entire working area

® Large working area. accommodates
assemblies larger than 1 m?, enabling handling
of very large detector modules

. @ Currently employed for CBM microstrip detector
modules exceeding 50 cm in length

® Key infrastructure : supports rapid prototyping

and scalable production of large-area detector
modules

KIT



TSVs formation |
_ _ Key enablers for next-generation
(machine and infrastructures)  chiplet and 3D-ASIC technologies
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TSV fOrmatiOn by DRI|E  Courtesy of Mathias Wegner HSS

Installed and in Operation SUPFRCONDUCTING SFNE0AS

a All key equipment for TSV formation is Photolithography UHV material deposition cluster
installed and operational, including the - — '
MLA150 (Maskless Aligner), photoresist-

based process flow, and the Oxford

system using the Bosch profile. ﬂ

® The target is to achieve small-size TSVs photoresist processing, magnetron sputtering (extreme conditions), e-beam
direct laser lithography €evaporation, in-situ oxidation, ion-based wafer cleaning

_ _ _ _ ICP-PECVD 3 X ICP-RIE
interconnections will be a major focus of - b S

O (10 pm) thin substrates. High-density

investigation

- - -« iy = — :;“‘ |
-
s e - fd et - — Y )
TEOS + silane based F- and Cl-based RIE of Wafer polishing for multi-

_ insulator deposition metals, dielectrics, and Si layer supercond. structures



BE|l ectroless | mmer si on: 40 and

@ Dedicated electroless plating stations, each optimized for a
specific metal

® Metals: Zn, Pd, Ni, Au, Cu, Sn (exchangeable with Ag)
® Electroplating stations, single and double-side wafer processing
® Metals: Cu, Au, Ni

@ Applications: TSV metallization, Redistribution layers (RDL) on
wafers and interposers

® Advanced packaging for next-generation detector modules

Michele Caselle ﬂ(IT
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ECFA DRD 7.6b Workshop on Future Detector Technologies @ KIT

ECFA DRD 7.6b Workshop on Future Detector Technologies

2-3 Sept 2025
KIT Campus South

Europe/Berlin timezone

20 onsite + 10remoté

Overview Timetable

e e JpArLICIPANES

My Conference

i. My Contributions &, Print PDF Full screen Detailed view Filter
Registration Session legend
Participant List Plenary sessi Plenary session x
Plenary session: Physics
Travel to KIT . -
Requirements & Integration
Accomodation Technologies Il
Lunch in Karlsruhe
N 09:00 i i
Remote participation Registration and Welcome Coffee
Contact
[ michele caselle@kit.edu
Kleiner Horsaal Elektrotechnik (Geb. 11.10), KIT Campus South 09:00 - 10:00
[ saskia pulch@kit.edu
10:00 Welcome by Local Organizing Commitiee Michele Casele &
[ andreas.ebersoldr@kit &
Kileiner Horsaal Elekirotechnil b, 11.10), KIT Campus South 10:00 - 1015
B4 christiane.buchwald-kay
ECFA DRD 7.6b Working Group: Scope and Goals Michele Casele &
Kleiner Horsaal Elektrotechnik (Geb. 11.10), KIT Campus South 10:15 - 10:30
ECFA DRD 7.6a Working Group: Future Detector Requirements Dr Walter Snoeys &
Kleiner Horsaal Elektrotechnik (Geb. 11.10), KIT Campus South 10:30- 1100
100 Upgrade of Belle Il and Future Detector Requirements Benjamin Schwenker &
Kileiner Horsaal Elekirotechnik (Geb. 11.10), KIT Campus South 11:00- 1130

Organized into three sessions:

- Future Detectors and Requirements
- Current Status and Emerging Technologies
- Integration Technologies and Future Perspectives (contributors)
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Conclusions

A Adistributed detector laboratory is beingestablished and
fabricationof the Pilot Projectwill beginimmediately

A Thenextmilestoneis W2W bondingon 8-inchwafers

A The collaboration works in strong synergy sharing
Infrastructure and expertise under a clear and unique
vision, with the firm intent to continue working together

andensuringbroadcommunityaccesgo thistechnology

A Lookingahead the next DRIY.6b workshopwill take place
In Barcelong Sep/Oct2026 one weekafter TWEPP)

Thank you very much for your attention
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