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3D History at Fraunhofer Munich

A Selection of Large Projects on 3D Integration (1)

1987 – 1989: German Research Project (BMFT)

Siemens, AEG, Philips, Fraunhofer IFT Munich

„Three-dimensional Integrated Circuits – 3D“

→ 3D CMOS Devices Based on Si Recrystallization for 3D-ICs

1993 – 1996: German Research Project (BMBF)

Siemens and Fraunhofer IFT Munich

„Cubic Integration - VIC“

→ TSV Technology for 3D-SICs

3D ASIP, Dec 15-17, 2015, Redwood City, CA 
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- 3D-IC
3D Integrated Circuit: stacking of 
transistor layers

(3D connections at density

level of local interconnects)

- 3D-SIC
3D Stacked Integrated Circuit

(very high TSV densities)

- 3D-SOC
3D System-On-Chip: stacking of devices 
or large IC blocks (global level)

 Fabrication of Heterogeneous Systems

3D Integration – Definitions (ITRS)

IC Device 1 (Technology 1)

MetallisationSystem 1

IC Device 2 (Technology 2) with TSV

MetallisationSystem 2

Advanced bonding system (Stacking1)

Advanced bonding system (Stacking2)

MEMS/NEMS Device 

possibly with TSV

Cap-Chip (Wafer)

IC Device 1 (Technology 1)

MetallisationSystem 1

IC Device 2 (Technology 2) with TSV

MetallisationSystem 2

Advanced bonding system (Stacking1)

IC Device 1 (Technology 1)

MetallisationSystem 1

IC Device 2 (Technology 2) with TSV

MetallisationSystem 2

IC Device 2 (Technology 2) with TSV

MetallisationSystem 2

Advanced bonding system (Stacking1)

Advanced bonding system (Stacking2)

MEMS/NEMS Device 

possibly with TSV

Cap-Chip (Wafer)

Advanced bonding system (Stacking2)

MEMS/NEMS Device 

possibly with TSV

Cap-Chip (Wafer)

Advanced bonding system (Stacking2)

MEMS/NEMS Device 

possibly with TSV

Cap-Chip (Wafer)

MEMS/NEMS Device 

possibly with TSV

Cap-Chip (Wafer)

Source: Fraunhofer

Source: Fraunhofer

Source: Tohoku University
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1987 – 1989: German Research Project (BMFT)
Siemens, AEG, Philips, Fraunhofer IFT Munich
„Three-dimensional Integrated Circuits – 3D“

3D SRAM Cell Layout

3D CMOS Devices - Based on Recrystallization 

of  Thin Si (Excimer Laser)
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3D History at Fraunhofer Munich

A Selection of Large Projects on 3D Integration (1)

1987 – 1989: German Research Project (BMFT)

Siemens, AEG, Philips, Fraunhofer IFT Munich

„Three-dimensional Integrated Cricuits – 3D“

→ 3D CMOS Devices Based on Si Recrystallization for 3D-ICs

1993 – 1996: German Research Project (BMBF)

Siemens and Fraunhofer IFT Munich

„Cubic Integration - VIC“

→ TSV Technology for 3D-SICs

3D ASIP, Dec 15-17, 2015, Redwood City, CA 
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Munich´s

3D Team 

in the 90`s 

Early paper on 

complete 3D-TSV 

process flow
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Early 3D-SIC Concept: „InterChip-Via“ ICV Technology

Key Persons in Process Development:
Manfred Engelhardt, Werner Pamler, Annette Sänger, Siegfried Schwarzl

Reinhold Buchner, Armin Klumpp, Günther Ruhl, Josef Weber, Peter Ramm



© Fraunhofer 

Dr. Peter Ramm



© Fraunhofer 

Dr. Peter Ramm

DUMIC 1995 ECTC 2015 
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Early W-TSV
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CVD of 

- Cu

- W

- TiN

Electroplating of 

- Cu

1.0 µm             3.5 µm     5 µm       10 µm      .... 100 µm      TSV Diameter

70 µm     .... 100 µm        TSV Depth

7:1 1:1 Aspect Ratio

10 µm         .........           25 µm

10:1            .........           5:1     

PVD of Seedlayer

- Ti:W / Cu

Electroplating of 

- Cu

CVD of Seedlayer

- tungsten

&

& Polymer Isolation & 

Paste Fillling

PVD Barrier & Cu Liner-ECD

electroless Seedlayer & Cu-ECD
Based on: Handbook of 3D Integration, Vol.1 

edited by P. Garrou, C. Bower and P. Ramm

Source: ITRS 2011 EditionTSV Metallization
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Early proposal for 3D-IC application: Memory on Logic
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Early Thermal ! IEDM 1995 
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3D History at Fraunhofer Munich

A Selection of Large Projects on 3D Integration (2)

1999 – 2003: German EUREKA Project

Infineon, Giesecke & Devrient, Fraunhofer IZM Munich

„Vertical System Integration“ – VSI®

→ TSV Technology optimized for Die-to-Wafer Stacking of 3D-SOCs

2007 – 2009: European Integrated Project (IST)

Infineon, Philips, Thales, SensoNor, 3D-PLUS, IMEC, CEA, Fraunhofer, ...

e-CUBES® – 3D-Integrated Wireless Sensor Systems

→ Technology Platform for 3D Heterogeneous Integration

3D ASIP, Dec 15-17, 2015, Redwood City, CA 
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Futue Fab International, Issue 34 (July 2010)

“The European 3D Technology Platform (e-CUBES)”

P. Ramm, A. Klumpp, J. Weber, M. Taklo, N. Lietaer, W. De Raedt, T. Fritzsch, 

T. Hilt, P. Couderc, C. Val, A. Mathewson, K. M. Razeeb, F. Stam

European 3D Technology Platform
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Cu

• Fabrication of Tungsten- or Copper-filled 

TSV on Top Substrate
ILD 5-10 µm

Isolation

Cu or W Plug
Si 5-100 µm

Passivation

• Via Opening and 

Metallization

• Thinning

• Opening of Plugs

• Through Mask Electroplating

• Chip/Wafer Alignment and Bonding

SnCu3Sn

Heterogeneous Integration by TSV-SLID 
Technology (Chip-to-Wafer)
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TSV-SLID – a robust 3D TSV Technology

Source: Fraunhofer EMFT

ASIC (7-level metallization)
Process control module 
(PCM)

Daisy 
chains  
in PCM
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e-BRAINS: Best-Reliable Ambient Intelligent 

Nanosensor Systems by Heterogeneous Integration

IC Device 1 (Technology 1)

MetallisationSystem 1

IC Device 2 (Technology 2) with TSV

MetallisationSystem 2

IC Device 2 (Technology 2) with TSV

MetallisationSystem 2Metallisation

MEMS/NEMS Device 

possibly with TSV

Cap -Chip (Wafer)

MEMS/NEMS Device 

possibly with TSV

Cap -Chip (Wafer)

MEMS/NEMS Device 

possibly with TSV

Cap -Chip (Wafer)

e-BRAINS

www.e-brains.org 

supported by the European Commission

under support-no. ICT-257488

http://www.infineon.com/cgi-bin/ifx/portal/ep/home.do?tabId=0
http://www.infineon.com/cgi-bin/ifx/portal/ep/home.do?tabId=0
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Application Development 3D-ICs

Source: R. Beica, J.-C. Eloy and P. Ramm: „Key Applications and 

Market Trends for 3D Integration and Interposer Technologies“

in „Handbook of 3D Integration“ Vol. 3, Wiley-VCH (2014) 
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Issues for producibility and reliability:
• Fragile mechanical structures in MEMS/NEMS devices

• Stress induced by TSVs and bonding system of thin IC devices

3D MEMS/NEMS & IC Integration – a Challenge!

IC Device 1 (Technology 1)

Metallisation System 1

IC Device 2 (Technology 2) with TSV

Metallisation System 2

Advanced bonding system (Stacking1)

Advanced bonding system (Stacking2)

MEMS/NEMS Device 

possibly with TSV

Cap-Chip (Wafer)
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3D Integration – Impact on System

Electrical

Thermal Mechanical

Performance
and

Reliability

Electromigration
Electro-thermal

interactions

Thermo-mechanical 

stress

Signal delays

IR Drop Crosstalk

Clock distribution

Signal integrity

Modified material properties

Strain-induced 

variations in the device 

performance

Variability in

device parameters

Damage of devices

Cracks / Delamination

Source: A. Wilde, P. Schneider, P. Ramm, DTC 2010



© Fraunhofer 

Dr. Peter Ramm

Simulation-based Validation
Consideration of Multi-Physical 
Domains

Design

P. Schneider and A. Heinig

Fraunhofer IIS-EAS Dresden
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Simulation-based Validation
Electrical, thermal and mechanical 
simulations

P. Schneider and A. Heinig

Fraunhofer IIS-EAS Dresden
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Innovative 3D 

applications

Physics of failure 
approach

Dedicated test vehicle 

to study degradation 

mechanisms

Built in reliability
• Material selection
• Low temperature 

bonding
• Protection against  

corrosion
• Robust  processing
• No further stress tests

3D Integration – Impact on heterogeneous systems

http://www.infineon.com/cgi-bin/ifx/portal/ep/home.do?tabId=0
http://www.infineon.com/cgi-bin/ifx/portal/ep/home.do?tabId=0
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Quantification of stress by Micro-Raman Measurements at 

IMEC on W-filled TSV-SLID samples of Fraunhofer EMFT 

Micrograph of TSV-SLID test-
samples of Fraunhofer EMFT:

Bottom-Silicon

SLID solder-bump (Cu-Sn-Cu)

W filled TSV within 

Top-Silicon (thickness 50 µm)

How large is the stress imposed in  Si due to this interconnect system?

Two stress sources were examined:  W-filled TSV , Cu-Sn SLID solder bump
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Stress source: W-filled TSV

Assume W tensile:  TSV wants to shrink
Expected to give in the nearby Si

▸ Tensile radial stress (sradial)

▸ Compressive stress around the periphery (scir)

▸ Compressive stress along the length axis (saxial)

sradial

scir

saxial

~0.15 cm-1: ~ 75 MPa

Because sradial @ - scir

Raman shift is dominated by saxial  = compressive -> positive Raman shift 

Quantification of stress by Micro-Raman Measurements at 

IMEC on W-filled TSV-SLID samples of Fraunhofer EMFT 

I. De Wolf, IMEC

J. Weber, Fraunhofer EMFT
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2D Raman measurement 
confirms compressive stress 
above SLID bump and tensile 
stress in between (~ 100 MPa)

Conclusion:

SLID-Bump 

 Induces compressive stress in the Si under the solder and 
tensile in between the solder bumps. 

 The magnitude of the stress is of the order of 100MPa but 
depends on dimensions and pitch of the SLID bumps

W-filled TSV

 Induces compressive stress along the axial direction and tensile 
stress along radial direction in the Si. 

 The stress level seems small, order of 75 to 100MPa

Quantification of stress by Micro-Raman Measurements at 

IMEC on W-filled TSV-SLID samples of Fraunhofer EMFT 

I. De Wolf, IMEC

J. Weber, Fraunhofer EMFT
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Bonding at sub-melting temperatures with simultaneous ultra-sonic 
agitation (Panasonic Bonder FCB 3)

Cu/Sn IMC Bonding at 100 °C and 150 °C investigated. 

Novel Low-Temperature IMC Bonding Process (Cu/Sn)

Top-Chips

Ultrasonic supported Low temperature (150°C) Cu-Sn SLID Bond

Cu3Sn

Cu3Sn

Sn Cu6Sn5

Cu6Sn5

Cu

Cu
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Panasonic FCB 3 Bonder: ultrasonic power 1.5 W, 50 s time, 20 N force

@ 150 °C bonding temperature:

 Shear forces of 17 MPa

 50 % higher fracture toughness compared to reference (280 °C)

 Alignment accuracy: 3 µm

Investigation of Low-Temperature IMC Bonding (Cu/Sn)
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Quantification of deformation under shear load on 

W-TSV / Low-T SLID samples of Fraunhofer EMFT 

(Infineon)

CompressionTension

Y-Strain after 
Displacement of ~10 

µm (10x)

1 µm/s
(uniDAC image) 

http://www.infineon.com/cgi-bin/ifx/portal/ep/home.do?tabId=0
http://www.infineon.com/cgi-bin/ifx/portal/ep/home.do?tabId=0
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3D History at Fraunhofer Munich

A Selection of Large Projects on 3D Integration (3)

2010 – 2014: European Large-Scale Integrating Project (ICT)

Infineon, Siemens, SORIN, 3D-PLUS, IMEC, CEA, Fraunhofer, ...

e-BRAINS – Best-Reliable Ambient Intelligent Nanosensor Systems by
Heterogeneous Integration

→ Application Demonstrators for 3D Heterogeneous Systems

→ Fine Pitch 3D-TSV Based HF Components for RF MEMS

2014 – 2017: European NMP Project

Tyndall, SORIN, 3D-PLUS, KU Leuven, TUe, PSUD, Fraunhofer EMFT, …

MANpower – Integration of Energy Harvesting and Storage for Perpetually
Self-Powered Heterogeneous Systems (e.g. Leadless Pacemakers)

→ Low-Temperature 3D Processes for Highest Reliability Requirements

3D ASIP, Dec 15-17, 2015, , CA 

IC Device 1 (Technology 1)

MetallisationSystem 1

IC Device 2 (Technology 2) with TSV

MetallisationSystem 2

IC Device 2 (Technology 2) with TSV

MetallisationSystem 2Metallisation

MEMS/NEMS Device 

possibly with TSV

Cap -Chip (Wafer)

MEMS/NEMS Device 

possibly with TSV

Cap -Chip (Wafer)

MEMS/NEMS Device 

possibly with TSV

Cap -Chip (Wafer)

e-BRAINS
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ECTC 2015: Fine Pitch 3D-TSV Based High Frequency 

Components for RF MEMS Applications
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ECTC 2015: Fine Pitch 3D-TSV Based High Frequency 

Components for RF MEMS Applications
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VLSI 2015:
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Technology Platform and Applications in e-BRAINS

General technological inputs to applications
Heterogeneous integration technology inputs to applications
Heterogeneous integration technology inputs to general technologies
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Technology Platform and Applications in e-BRAINS

General technological inputs to applications
Heterogeneous integration technology inputs to applications
Heterogeneous integration technology inputs to general technologies
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App3: Active Medical Implant 

(Leadless Ultra-Miniaturized Pacemaker)

3D IC heterogeneous integration

• Successful in-vivo evaluation (battery 
driven module)

• Piezo-Harvester: First successful in-
vivo demonstration 

Piezo-Harvester (20x6mm) 

Clinical trials

Finally assembled Pacemaker module
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Tyndall, SORIN, 3D-PLUS, KU Leuven, TUe, PSUD, Fraunhofer EMFT, …

MANpower – Integration of Energy Harvesting and Storage for Perpetually
Self-Powered Heterogeneous Systems (e.g. Leadless Pacemakers)

→ Low-Temperature 3D Processes for Highest Reliability Requirements

3D ASIP, Dec 15-17, 2015, , CA 

Our Future Work in 3D IC:

3D TSV Technologies for RF-MEMS & RF-ICs and for 

Heterogeneous Integration (e.g. Medical Applications)

Supercap

Leadless Pacemaker Capsule

Energy Harvester

3D Integrated IC/Sensor System
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 Our early work at Fraunhofer Munich and Siemens/Infineon on
 3D CMOS Devices

 Performance and thermal issues of 3D-ICs

 TSV processes

 Wafer thinning & thin die handling

 Wafer bonding

 Die-to-wafer stacking technologies (KGD)

 3D integration technology is now entering a mainstream
 Memory stacks, memory/logic, … (high density TSVs)

 Heterogeneous sensor/IC integration (medium density TSVs)

 Choice of 3D process depends on
 Performance, TSV/pad pitch requirements

 Reliability requirements

 Our ongoing work is focussed on TSV based RF-MEMS & RF-IC and

Highly reliable ultra-low power 3D heterogeneous MEMS/IC systems

Summary
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Thank You For Your Attention !

Fraunhofer EMFT

Hansastraße 27d

80686 München

Tel. +49 89 54759 - 539

peter.ramm@emft.fraunhofer.de

www.emft.fraunhofer.de
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