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From ECFA Roadmap TF 7 to DRD7 collaboration (Electronics and On-detector Processing)

Å 64 Universities & research centers involved, 15 confirmed projects cover a wide range of novel detector technologies

Å Research area: Data Density, Power efficiency, Intelligent On-Detector, 4D & 5D techniques, rad-tolerant and cryo-
tolerant electronics, backed electronics/systems and COTS (Commercial-Off-The-Shelf), complex imaging ASICs & 3D-
technologies 

https://drd7.web.cern.ch/

Å The DRD7 collaboration is a concrete and dynamic R&D program focused on the development of critical detector 
technologies for future large-scale experiments, as identified by the ECFA Detector R&D Roadmap Task Force 7.

21 countries

https://indico.cern.ch/event/957057/overview
.

https://indico.cern.ch/event/957057/overview
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DRD7.6 ς Complex imaging ASICs and technologies

Å Working Package 6 deals with complex technologies merging multiple functionalities 
such as sensor and processing, multi-tier (2.5D and 3D) assemblies

Å Project 7.6a
Å This project aims to provide common access to advanced imaging technologies through 

the organization of common fabrication runs. These are initially envisaged for the 
TowerJazz 180 nm, TPSCo 65 nm and the LFoundry 110 nm CMOS imaging technologies

Å Project 7.6b (Shared access to 3D integration)
Å This project aims to develop essential technologies for both 2.5D and 3D integration that 

can be quickly transposed to wafer-to-wafer 3D integration for a wide range of future 
particle physics applications, ranging from low-temperature neutrino detectors to high-
radiation environment HL-HLC pixel detectors

Conveners: M. Barbero, M. Rolo, I. Sedgwick and W. Snoeys

Convener: M. Caselle
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DRD 7.6b - Collaboration Update

15 institutes, 5 large national labs with well-renowned experience in interconnection technology 
and detector production

CA: Sherbrooke

US: Fermilab

ES: CNM (IMB-CNM, CSIC)

NO: Uni. of Bergen (UiB) 
        Uni. of Oslo (UiO)
        Uni. of Southeast Norway (USN)
        NorFAB

DE: Max Planck (HLL) 
       Fachhochschule Dortmund 
       Karlsruhe Institute of Technology

CERN
IT: FBK

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

US: SLAC
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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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Enabling Technologies and Main Objectives

Å 3D-ASIC integration on a single die as a low-cost, low-risk 
demonstrator that paves the way to future large-area 3D-
ASIC detector modules assembled via (expensive) wafer-to-
wafer (W2W) bonding

Monolithic sensor 
(TJ, TPSco, LFoundry) 

Digital memory + processing 
(65/28nm TSMC, UMC, etc.)

Å Silicon interposers are the key enabler to integrate 
sensors, ASICs, FPGA/AI, and photonics from multiple 
CMOS nodes into a unified, scalable detector module

Å Detector packaging technologies for large-area modules are vital to achieve ultra-low mass, precise 
assembly, and reliable high-speed data links, as well as the power and thermal integrity required for 
future large-area detectors

DRD 7.6a <-> DRD 7.6b
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Integration of SiPh devices on silicon and fiber attachment

Å SiPh packaging and fiber-attachment, at detector-module or wafer level, are essential for next-generation 
optical data links. Automated fiber alignment using pick-and-place machines further enhances assembly 
precision and throughput.

Å Coupling geometries (SiPh  fiber)
Å Edge couplers: high coupling efficiency, broadband and negligible polarization dependence, but more complex 

passive alignment (sub-micron lateral tolerance)
Å Grating couplers: compatible with wafer-level testing and probing, simple vertical fiber access, but higher 

insertion loss, higher insertion loss, narrow bandwidth, polarization sensitive

Source: Karsten Hansen (DESY)

Helmholtz InnoPooltǊƻƧŜŎǘ Ψ{ƻǇƘƛŜΩ
tŀǊǘƴŜǊǎΥ 59{¸Σ D{LΣ ŀƴŘ YL¢έ

DRD 7.1 <-> DRD 7.6b
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How can we work together ?

Vertical interconnection is the key element of these technologies, relying on TSV 
formation, RDL, and W2W bonding, but they are complex and require infrastructure 
and expertise that exceeds the capabilities of a single institute/research center
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How can we work together ?

Collaborative Concept:
By joining forces, sharing competences, and pooling infrastructure, we can accelerate 
technology development and grow collective capabilities

Vertical interconnection is the key element of these technologies, relying on TSV 
formation, RDL, and W2W bonding, but they are complex and require infrastructure 
and expertise that exceeds the capabilities of a single institute/research center
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Å Establish a distributed laboratory that operates as a hub-service for the community 

Å Each institute highly specialized in one or more technological processes

From community:
ÅRequest of process/service
ÅRapid prototyping of new detector
ÅDetector production (large scale) 

To community
(institute/experiment)

Process 1

Process 2
Process 3

Process 4

Process 5

Institute 2Institute 1 Institute N

Key parameters, are:  
Å Interface between institutes/processes 
Å Redundancy
Å Complementary  
Å Development of new processes that are not currently in place

Maintaining a strong connection with application/experiment requirements

International Distributed Detector Laboratory
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Å Define interfaces across institutes and laboratories ς 
Develop clear and standardized communication channels, 
processes, and operational protocols to ensure seamless 
collaboration and integration

Å Identify potential incompatibilities ς Detect mismatches in 
processes, technologies, or tools early in the workflow

Å Develop and implement solutions ς Address 
incompatibilities with efficient and practical resolutions to 
maintain production consistency

Pilot Project to validate and implement distributed workflow (ECFA-DRD7.6b-2025) 
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Pilot Project to validate and implement distributed workflow (ECFA-DRD7.6b-2025) 

Simple enough to efficiently validate the distributed 
workflow, Key structures are: 

Å Pilot Project interposer to assess chiplet integration, 
providing insights toward the development of TSVs and 
RDL capabilities

Å ER2_GWT_PSI asic designed for testing of the 10.24 
Gb/s GWT-PSI serializer embedded in the MOSAIX 
stitched sensor ASIC

Å RISC-V /  AI accelerator asic for AI on detector module

Å High-frequency DC-DC Buck converter as a showcasing 
power management integration

The Pilot Project is a full-wafer engineering run, entirely developed and fabricated in-house 
by DRD 7.6b contributors

Cross-Collaboration DRD7.2 ᵰ DRD7.6

Cross-Collaboration DRD7.6a ᵰ DRD7.6b

6-inch wafer size

Pilot 
interp.

Mosaix interposer

AI 
interp.

DCDC 
Buck 

interp.

Cu and Al wafer size 
transmission lines 

Inductors 
chiplet
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DRD7.6b Pilot Project - Fabrication workflow

Chiplet
Designers

Wafer Layout Al/RDL (Cu) Flip Chip
Mechanical/Electrical 

tests

KIT

HLL

FH-Dortmund
KIT, HLL

TSVs 

HLL

CNM

Norway

KIT

FH-Dortmund

KIT, HLL (?), CNM (?)

Development of TSV

Norway

FBK for TL 
FBK (?)
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Courtesy: Ladislav Andricek
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Ti:W/Cu RDL on 
wafer level 

Å The RDL process already developed for Belle PXD can be quickly transferred to the pilot 
project

Å A maskless aligner in operation enables fast and flexible photolithography without the 
need for physical masks

Courtesy of Ladislav Andricek
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Courtesy of Ladislav Andricek
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Courtesy of Miquel Ullán



Hoang-Vu Nguyen, PhD
AssociateProfessor at Department of Microsystems

University of South-Eastern Norway

11/13/2025 21

Assembly & Integration Technologies

for Microelectronics & Microsystems

Expertise & Future Prospect - Norway



Development of advanced bonding technique

Solid-Liquid InterDiffusion  (SLID / TLP) - Motivation

ÅOriginal motivation: High-temperature stability
o High-Temperature applications
o High Temperature during manufacturing
o Resists repeated processing temperature
ÁEliminates need of solder thermal budget

ÅWell-defined, thin metallic interconnects 
o Bondline thickness ~10 µm

ÅFine pitch possible 
o 30 µm pitch demonstrated already 

in 2006
o {ƛƳƛƭŀǊ ǘƻ ά/ǳ ǇƛƭƭŀǊέ ǘŜŎƘƴƻƭƻƎȅ

11/13/2025 22

H. Hübner et al, 
Microelectronic Eng. 83  (2006), p. 2155

Source: ASE Group



ñLow-temperatureò SLID bonding

Our focus in coming years

ÅTemperature-sensitive materials: 
o Piezoelectric materials (poled)
ÁNot to approach Tc (Curie temperature)
ÁTc ~150 oC for PZT (ultrasound transducers, actuators, etc.)

o Ferromagnetic materials
o Polymers 

ÅNeed for low-temperature bonding

ÅLow-temperature solders
o In: Tm = 156 oC
o InςBi : Tm = 72.7 oC
o Allows only low to moderate application temperatures (must be significantly 

lower than Tm)

ÅLow-temperature SLID bonding 
o Bonding is not limiting factor for application temperature

11/13/2025 23

PZT

RBL

Au-(In-Bi) SLID bond for stacking 
ultrasound transducer

Cu-(Sn-Bi) SLID bond for Si on Si
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Aluminumïpolyimide ultra-low-profile flex layers are a key enabling 

technology, particularly when combined with high-density TAB bonding, 

enabling advanced and smart interconnections directly on large-area 

silicon, up to wafer scale

Courtesy of David Novel and Maurizio Boscardin
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Large area detector 
prototype and production

Key facility for assembling large silicon 

structures, wafer sticking or silicon ladders 

module over 1 m2

26
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Large area detector prototype and production
Large-working-area wire-bonding machine

27

Å = 200 µm 

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 m², 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



DRD7.6b

M. Caselle (KIT)                 DRD7.6 ς Complex Imaging ASICs and Technologies   4th  DRD3 week, 10-14 November, 2025 (CERN)
ECFA DRD 7.6b Workshop on Future Detector Technologies (2025)  Michele Caselle 

TSVs formation 
(machine and infrastructures)

Key enablers for next-generation 

chiplet and 3D-ASIC technologies

28

AI/ML's Bright Future at KARA 
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TSV formation by DRIE
Current status & results 

29

Å = 200 µm 

All key equipment for TSV formation is 

installed and operational, including the 

MLA150 (Maskless Aligner), photoresist-

based process flow, and the Oxford 

system using the Bosch profile. 

The target is to achieve small-size TSVs 

O (10 µm) thin substrates. High-density 

interconnections will be a major focus of 

investigation

UHV material deposition clusterPhotolithography

photoresist processing, 
direct laser lithography 

magnetron sputtering (extreme conditions), e-beam
evaporation, in-situ oxidation, ion-based wafer cleaning 

ICP-PECVD 3 x ICP-RIE

TEOS + silane based 
insulator deposition

F- and Cl-based RIE of 
metals, dielectrics, and Si

CMP technology

Wafer polishing for multi-
layer supercond. structures

Installed and in operation

Courtesy of Mathias Wegner
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Process capabilities (near future)

Electroless immersion: 4ò and 6ò wafers

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

30Feb 24, 2025
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ECFA DRD 7.6b Workshop on Future Detector Technologies @ KIT

Organized into three sessions:

- Future Detectors and Requirements

- Current Status and Emerging Technologies

- Integration Technologies and Future Perspectives (contributors)

20 on-site + 10 remote
participants
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Å A distributed detector laboratory is being established, and 
fabrication of the Pilot Project will begin immediately

Å The next milestone is W2W bonding on 8-inch wafers

Å The collaboration works in strong synergy, sharing 
infrastructure and expertise under a clear and unique 
vision, with the firm intent to continue working together 
and ensuring broad community access to this technology

Å Looking ahead: the next DRD7.6b workshop will take place 
in Barcelona (Sep/Oct 2026, one week after TWEPP)

Conclusions 

Thank you very much for your attention  


