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Wafer Level Post-Processing Technologies
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Wafer Level Process – Example Wafer Bumping and Assembly
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Solid State Sensor Pixel Detector Modules
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Wafer Substrate Size - Process Line Capabilities
Readout Chip Sensor Chip

 300mm wafer, TSMC 65nm technology

 132 RD53B/ITKPix readout chips per wafer

 Bumping pitch 50x50 µm²

 RD53B: 400x384 bumps (153.600 chip / 20.275.200 wafer)

 300mm thin wafer handling (≤ 150µm)

 150mm sensor wafer: planar or 3D sensor technology

 200mm CMOS sensor

 UBM deposition process: electro-plating, e-less (NiAu), PVD

 Thin Wafer Handling: 150µm,100µm, 50µm wafer thickness

 Single chip processing with and without carrier
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Assembly by Flip Chip Bonding – C2C and C2W
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Assembly by Wafer to Wafer Bonding – W2W

•
•
•
•
•
•

•
•
• °

•
•

•
•
•
•
•



ECFA Detector R&D Roadmap Symposium of Task Force 3 Solid State Detectors, April 23, 2021 

Flip Chip Assembly Key Parameter: Interconnection Pitch

Reduction of pixel pitch – more challenging assembly process
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Solder Bump Bonding – Bump Size and Bump Pitch Developments
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Transient Liquid Phase Bonding (TLPB) / Solid Liquid Interface Diffusion (SLID) 

Cu3Sn Intermetallics

Cu

CuSn

• ECD Cu and Cu-Sn pads

• High melting Cu3Sn IMC (676°C)

• Bonding parameters: 
220…280°C, 10…50MPa, T= min

• High planarity necessary

• Inert atmosphere required
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Bonding without Solder: Metal-Metal Diffusion Bonding

Cu, (Au, Ni)

Cu, (Au, Ni)

• ECD Cu pads (Au, Ni)

• Planarized surfaces, pre-conditioning

• Bonding parameters: 

• 250°C…400°C, 

• 50…150MPa

• t= min…h

• Noble metal contacts or bonding in 
inert atmosphere

• Interconnection for 3D chip stacking

Reduction of Bonding Force – MEDIPIX3 size chip 256x256 pads:

• Regular pad size: 30µm, 150MPa  ~7kN bonding force per chip

• Pillar pad: 10µm, 150Mpa  770N bonding force per chip



ECFA Detector R&D Roadmap Symposium of Task Force 3 Solid State Detectors, April 23, 2021 

Development electro-plating baths for Ag/Au alloy 
deposition

 Prozess flow similar to conventional 
Au Bumping

 Skeleton formation due to dealloying
by wet etching of Ag

Average pore sizes adjustable from 20 nm up to 500 nm

 TC-Bonding with reduced bonding parameters possible,
typ. 10 MPa @ 200°C or 15 Mpa @ 150°C

 Sponge-like Au is fully compressible and able to 
compensate topography and inhomogeneity on chip and 
substrate

 Interconnect and pitch size below 10µm possible

R&D: Nano-Porous Gold (NPG) Bumps for Chip Interconnections
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Bonding without Solder: Metal-Metal Bonding with Anisotropic Conductive Film 
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Metal – Oxide Hybrid Bonding

Cu/SiO2

Cu/SiO2

Motivation for DBI®:

• W2W , D2W, D2D

• Highest interconnect density:  
I/O pitch down to 1 µm

• High alignment accuracy

• No bumps, no intermetallics

• No gap – no underfilling

• High reliability

Process:

• SiO2 passivation + Cu pads

• Surface planarization (CMP)

• Surface activation
(plasma, chemicals)

• Room temperature bond

• Annealing 150 – 300°C

• 3D chip stacking: memory chips, 
CMOS image sensors (CIS)

Source:


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• TSV integration after complete wafer
processing, etch TSV through thick
BEOL oxide

• Requires keep out zones in FEOL and 
BEOL for TSV integration

Via first or middle Front Side - Via last

TSV Integration Schemes

• TSV integration before FEOL 
or after FEOL / before BEOL

• Processes established at IDMs

• TSV integration after complete
wafer processing

• Requires TSV adapted landing
pad design in BEOL for TSV 
connection

Back Side - Via last
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Ultra Thin Hybrid Pixel Detectors
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Industry Technology Trend: Processor Chiplet Assembly on Active Interposer
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Concept in HEP: CMOS Sensor Interposer
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Industry Technology Trend: Embedding and Fan-Out Wafer Level Packaging
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Industry Technology Trend: Photonic Integration Technology

Tolga Tekin, Fraunhofer IZM

New technological paths for high performance chips targeting HPC and edge, 
EXDCI Workshop, Brussels, 05. - 06.11.2019
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