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17th International Conference Reliability and Stress-Related Phenomena in 

Nanoelectronics 

 

Scope 

More than ever before, materials-driven product innovations in semiconductor industry and 

shorter time-to-market introductions for new micro- and nanoelectronic products require high 

advancement rates and tight coupling between research, development and manufacturing. Since 

novel product design and process steps, and particularly the integration of new materials, 

require the understanding of stress-related phenomena to ensure the requested product lifetime, 

reliability physics and engineering as well as materials engineering and nano-scale materials 

characterization are considered as fundamental drivers for innovation in semiconductor 

industry. 

Traditionally, this series of conferences has been focused on stress arising in micro- and nano-

scale structures of on-chip interconnect stacks and advanced packaging structures. This 

thermomechanical stress can lead to degradation phenomena such as crack propagation caused 

by chip-package interaction and to the acceleration of known reliability-limiting processes in 

backend-of-line stacks such as electromigration and time-dependent dielectric breakdown. The 

17th conference will include two new focus areas: 

¶ Reliability at harsh environments (e.g. space, automotive), 

¶ Materials behavior and reliability of organic and flexible electronics 

The conference will cover the whole range from fundamental research to industrial applications. 

It will provide a forum for scientists and engineers from universities, research institutions and 

industry to discuss current challenges and future scenarios related to reliability and stress-

induced phenomena in micro- and nanoelectronics. 

 

Co-Chairs: 

¶ Ehrenfried Zschech, deepXscan Dresden & Technische Universitªt Dresden, Germany 

¶ Reiner Dauskardt, Stanford University, Palo Alto/CA, USA 

¶ Valeriy Sukharev, Mentor Graphics / Siemens EDA, Fremont/CA, USA 

¶ Olivier Thomas, Aix-Marseille Universite, France 

¶ Zhong Chen, NTU Singapore 
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Venue:  

 

Hotel Elbresidenz Bad Schandau near Dresden, Germany 

 

Organizational committee  

 

Dominik Gronarz, Organic Electronics Saxony, Dresden, Germany 

Kristina Kutukova, deepXscan GmbH, Dresden, Germany 

Johann Zeller, student, Dresden, Germany 

Kim Brendel, Hotel Elbresidenz, Bad Schandau, Germany 

 

Contact / Help:  

 
Kristina Kutukova  
Mobile phone: +491733969207 
 

Symposium management 

Organic Electronics Saxony Cluster 
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Topics of the conference 

¶ Stress-related issues for advanced nonvolatile memories, including embedded phase-

change memory 

¶ Materials behavior at low temperatures for quantum computing, reliabilty-related 

aspects 

¶ Scaling limitations of materials 

¶ Role of microstructure and interfaces on mechanical behaviour of nanostructures 

¶ Stress and thermal effects in advanced packaging, heterogeneous integration, and 
chip-package interaction 

¶ Thermo-mechanical properties and stress: Measurements and simulation 

¶ Advanced characterization techniques 

¶ Compact modeling and statistical methods in circuit/device life-time assessment 

¶ Thermal and stress-driven floor-planning methodology, stress mitigation techniques, 

and design technology co-optimization 

¶ Reliability physics and engineering, damage and failure mechanisms 

¶ Stability and lifetime of organic and flexible electronics 

¶ Lifetime and ageing of nanoscale materials, structures and systems at low and high 
temperatures 

¶ Component (device / interconnect) reliability vs. system reliability 

¶ Reliability of products at harsh environments 

¶ Reliability of power devices 

 

 

Highlights 

¶ Podium discussion ĂReliability of automotive electronicsñ with Andreas Aal 

(VOLKSWAGEN) and Oliver Aubel (GLOBALFOUNDRIES)  

¶ Hiking tour in Saxonian Switzerland 

¶ 2 Poser sessions and 3 best poster awards 

¶ Conference dinner  

¶ Lab tour at deepXscan 
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Session Chairs: 

¶ Ehrenfried Zschech, deepXscan Dresden & Technische Universitªt Dresden, Germany 

¶ Carl V. Thompson, MIT, Boston/NY, USA 

¶ Reiner Dauskardt, Stanford University, Palo Alto/CA, USA 

¶ Christoph Gammer, ESI Leoben, Austria 

¶ Rodrigo Martins, Uninova Lisabon, Portugal 

¶ Andr® Clausner, Fraunhofer IKTS Dresden, Germany 

¶ Olivier Thomas, Aix-Marseille Universite, France 

¶ Kristina Kutukova, deepXscan Dresden, Germany 

 

Scientific Committee: 

¶ Alex Dommann, EMPA, Switzerland 

¶ Martin Gall, GLOBALFOUNDRIES Malta/NY, USA 

¶ Chee Lip Gan, NTU Singapore 

¶ Goeran Jerke, Bosch Stuttgart, Germany 

¶ Junichi Koike, Tohoku University, Sendai, Japan 

¶ Jens Lienig, Technical University Dresden, Germany 

¶ Zhiyong Ma, Intel, Hillsboro/OR, USA 

¶ Jon Molina, IMDEA Materials, Madrid, Spain 

¶ Stephane Moreau, Leti Grenoble, France 

¶ Luu Nguyen, Psi Quantum, Palo Alto/CA, USA 

¶ Natalia Sobczak, IMIM PAN Cracow, Poland 

¶ Oden Warren, Bruker, Minneapolis/MN, USA 

¶ Ingrid de Wolf, IMEC Leuven, Belgium 

¶ Xiaopeng Xu, Synopsys, Mountain View/CA, USA 
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Invited Speakers: 

¶ Andr® Clausner, Fraunhofer IKTS Dresden, Germany 

¶ Carl V. Thompson, MIT, Boston/NY, USA 

¶ Christoph Gammer, ESI Leoben, Austria 

¶ Daniel Nemecek, TESCAN Brno, Czech Republic 

¶ Ehrenfried Zschech, deepXscan Dresden, Germany 

¶ Hiroshi Nishikawa, Osaka University, Japan 

¶ Ingrid de Wolf, IMEC Leuven, Belgium 

¶ Iuliana Panchenko, Technische Universitªt Dresden, Germany 

¶ Jºrg Acker, Brandenburg University of Technology Cottbus-Senftenberg, Germany 

¶ Karl Leo, Technische Universitªt Dresden, Germany 

¶ Kristina Kutukova, deepXscan Dresden, Germany 

¶ Lionel Vignoud, CEA-LETI Grenoble, France 

¶ Matthias Stecher, Infineon Technologies, Munich, Germany 

¶ Olivier Thomas, Aix Marseille Universitem Marseille, France 

¶ Pal-Jen Wei, Bruker, Taiwan 

¶ Reinhold Dauskardt, Stanford University Palo Alto/CA, USA 

¶ Robert Filipek, AGH Krakow, Poland 

¶ Rodrigo Martins, Uninova Lisabon, Portugal 

¶ Sandrine Lhostis, ST Microelectronics Crolles, France 

¶ Susann Rothe, Technical University Dresden, Germany 

¶ Vikas Tapan, Siemens, Munich, Germany 

¶ Wiebke Langgemach, Fraunhofer FEP, Dresden, Germany 
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Program 

 

aƻƴŘŀȅ нпǘƘ !ǇǊƛƭ нлно 

/ƘŀƛǊΥ 9ƘǊŜƴŦǊƛŜŘ ½ǎŎƘŜŎƘ {Ŝǎǎƛƻƴ мΥ wŜƭƛŀōƛƭƛǘȅ ƛƴ ƳƛŎǊƻπ ŀƴŘ ƴŀƴƻŜƭŜŎǘǊƻƴƛŎǎ 

 луΥпр 
9ƘǊŜƴŦǊƛŜŘ ½ǎŎƘŜŎƘ 
ŘŜŜǇ·ǎŎŀƴΣ 5ǊŜǎŘŜƴΣ DŜǊƳŀƴȅ 

hǇŜƴƛƴƎ ǊŜƳŀǊƪǎ 

¢м лфΥлл 
{ŀƴŘǊƛƴŜ [Ƙƻǎǝǎ 
{¢aƛŎǊƻŜƭŜŎǘǊƻƴƛŎǎΣ CǊŀƴŎŜ 

bŜǿ ǊŜƭƛŀōƛƭƛǘȅ ŎƘŀƭƭŜƴƎŜǎ ŦƻǊ о5 ƛƴǘŜƎǊŀǝƻƴ ǎǘŀŎƪƛƴƎ ǳǎƛƴƎ ƘȅōǊƛŘ ōƻƴŘƛƴƎ 

¢н лфΥол 
{ǳǎŀƴƴ wƻǘƘŜ 
¢ŜŎƘƴƛŎŀƭ ¦ƴƛǾŜǊǎƛǘȅ 5ǊŜǎŘŜƴΣ DŜǊƳŀƴȅ 

/ƻƳōƛƴŜŘ aƻŘŜƭƛƴƎ ƻŦ 9ƭŜŎǘǊƻƳƛƎǊŀǝƻƴΣ ¢ƘŜǊƳŀƭ ŀƴŘ {ǘǊŜǎǎ aƛƎǊŀǝƻƴ ƛƴ !/ LƴǘŜǊŎƻƴƴŜŎǘ [ƛƴŜǎ 

¢о млΥлл 
LƴƎǊƛŘ ŘŜ ²ƻƭŦΣ ±ƭŀŘƛƳƛǊ /ƘŀƛǊƳŀƴ 
La9/Σ [ŜǳǾŜƴΣ .ŜƭƎƛǳƳ 

CƛƴC9¢ǎΥ {ŜƴǎƛƴƎ ŀƴŘ ŦŜŜƭƛƴƎ ƳŜŎƘŀƴƛŎŀƭ ǎǘǊŜǎǎ 

млΥол ς ммΥлл .ǊŜŀƪ  

/ƘŀƛǊΥ /ŀǊƭ ±Φ ¢ƘƻƳǇǎƻƴ {Ŝǎǎƛƻƴ нΥ LƳǇŀŎǘ ƻŦ ǎǘǊŜǎǎ ƻƴ ŘŜǾƛŎŜ ǇǊƻǇŜǊǝŜǎ 

¢п ммΥлл 
YǊƛǎǝƴŀ YǳǘǳƪƻǾŀ 
ŘŜŜǇ·ǎŎŀƴΣ 5ǊŜǎŘŜƴΣ DŜǊƳŀƴȅ 

Lƴπǎƛǘǳ ƴŀƴƻπ·/¢ ǎǘǳŘȅ ƻŦ ǘƘŜ ƭƻŎŀƭ ŜƴŜǊƎȅ ǊŜƭŜŀǎŜ ǊŀǘŜ ŦƻǊ ŎǊŀŎƪ ǇǊƻǇŀƎŀǝƻƴ ƛƴ ŀŘǾŀƴŎŜŘ L/ǎ 

¢р ммΥол 
tŀƭ WŜƴ ²ƛŜ 
.ǊǳƪŜǊΣ ¢ŀƛǿŀƴ 

LƴŘŜƴǘŀǝƻƴπLƴŘǳŎŜŘ 5ŜƭŀƳƛƴŀǝƻƴ ŀƴŘ !ŘƘŜǎƛƻƴ ²ƻǊƪ 9Ǿŀƭǳŀǝƻƴ ŀǘ 9ƭŜǾŀǘŜŘ ¢ŜƳǇŜǊŀǘǳǊŜ ƛƴ {ŜƳƛŎƻƴ LƴŘǳǎπ
ǘǊƛŀƭ /ŀǎŜǎ 

¢с мнΥлл 
!ƴŘǊŞ /ƭŀǳǎƴŜǊ 
CǊŀǳƴƘƻŦŜǊ LY¢{Σ 5ǊŜǎŘŜƴΣ DŜǊƳŀƴȅ 

{ǘǳŘȅƛƴƎ ǎǘǊŜǎǎ ŜũŜŎǘǎ ƛƴ ǘǊŀƴǎƛǎǘƻǊ ŎƘŀƴƴŜƭǎ ōȅ ƴŀƴƻƛƴŘŜƴǘŀǝƻƴ ǿƛǘƘ ǾŀǊƛŜŘ ŎƻƴǘŀŎǘ ƎŜƻƳŜǘǊƛŜǎ 

¢т мнΥол 
wŜƛƴƘƻƭŘ 5ŀǳǎƪŀǊŘǘ 
{ǘŀƴŦƻǊŘ ¦ƴƛǾŜǊǎƛǘȅΣ tŀƭƻ !ƭǘƻκ/!Σ ¦{! 

IȅōǊƛŘ 5ƛŜƭŜŎǘǊƛŎ CƛƭƳǎ ŦƻǊ 5ŜǾƛŎŜ ¢ŜŎƘƴƻƭƻƎƛŜǎΥ ¦ƴŘŜǊǎǘŀƴŘƛƴƎ wŜƭŀǝƻƴǎƘƛǇǎ ōŜǘǿŜŜƴ aƻƭŜŎǳƭŀǊ {ǘǊǳŎǘǳǊŜΣ tǊƻπ
ŎŜǎǎƛƴƎ ŀƴŘ CǳƴŎǝƻƴ 

моΥлл ς мпΥол [ǳƴŎƘ .ǊŜŀƪ  

/ƘŀƛǊΥ wŜƛƴƘƻƭŘ 5ŀǳǎƪŀǊŘǘ {Ŝǎǎƛƻƴ оΥ wƻōǳǎǘƴŜǎǎ ƻŦ ŜƴƎƛƴŜŜǊŜŘ ǎȅǎǘŜƳǎΥ CǊƻƳ ŘŜǎƛƎƴ ǘƻ ŀǇǇƭƛŎŀǝƻƴ 

¢у мпΥол 
±ƛƪŀǎ ¢ŀǇŀƴ 
{ƛŜƳŜƴǎΣ aǳƴƛŎƘΣ DŜǊƳŀƴȅ 

9ŀǊƭȅ ŀǊŎƘƛǘŜŎǘǳǊŀƭ ŜȄǇƭƻǊŀǝƻƴ ǿƛǘƘ t!±9осл 

¢ф мрΥлл 
IƛǊƻǎƘƛ bƛǎƘƛƪŀǿŀ 
hǎŀƪŀ ¦ƴƛǾŜǊǎƛǘȅΣ WŀǇŀƴ 

{ƻƭƛŘπǇƘŀǎŜ ōƻƴŘƛƴƎ ǇǊƻŎŜǎǎ ǳǎƛƴƎ ƴŀƴƻǎǘǊǳŎǘǳǊŜŘ ǎǳǊŦŀŎŜ ŦƻǊ ǇƻǿŜǊ ŘŜǾƛŎŜǎ ƛƴ ŀǳǘƻƳƻǝǾŜ 

 мрΥол /ƘŀƛǊΥ YǊƛǎǝƴŀ YǳǘǳƪƻǾŀ tƻǎǘŜǊ {Ŝǎǎƛƻƴ 

 

мтΥлл 

aƻŘŜǊŀǘƻǊǎΥ 

¶ !ƴŘǊŜŀǎ !ŀƭΣ ±h[Y{²!D9b 

¶ hƭƛǾŜǊ !ǳōŜƭΣ D[h.![Ch¦b5wL9{ 

tƻŘƛǳƳ ŘƛǎŎǳǎǎƛƻƴ αwŜƭƛŀōƛƭƛǘȅ ƻŦ ŀǳǘƻƳƻǝǾŜ ŜƭŜŎǘǊƻƴƛŎǎά 

 

YŜȅ /ƻƴǘǊƛōǳǘƻǊǎΥ 

¶ WƻŜ aŎtƘŜǊǎƻƴ 

¶ DǸƴǘŜǊ Iŀŀǎ ό9ƴǘŜƎǊƛǎύ 

¶ ¢ŀǇŀƴ ±ƛƪŀǎ ό{ƛŜƳŜƴǎ95!ύ 

¶ bƛǊ {ŜǾŜǊ όǇǊƻǘŜŀƴ¢ŜŎǎύ 

/ƻƴǘŜȄǘΥ ¦ǇŎƻƳƛƴƎ ƘŀǊŘǿŀǊŜ ŎƘŀƭƭŜƴƎŜǎ ƻƴ ǘƘŜ ǿŀȅ ǘƻǿŀǊŘǎ ǘƘŜ {ƻƊǿŀǊŜπŘŜŬƴŜŘπ±ŜƘƛŎƭŜ 

мфΥлл ..v  
 

¢ǳŜǎŘŀȅ нрǘƘ !ǇǊƛƭ нлно 

/ƘŀƛǊΥ /ƘǊƛǎǘƻǇƘ DŀƳƳŜǊ {Ŝǎǎƛƻƴ пΥ aŀǘŜǊƛŀƭǎ ŎƘŀǊŀŎǘŜǊƛȊŀǝƻƴ ŦƻǊ ŘŜǾƛŎŜ ŘŜǾŜƭƻǇƳŜƴǘ ŀƴŘ ǊŜƭƛŀōƛƭƛǘȅ ŜƴƎƛƴŜŜǊƛƴƎ 

¢мл лфΥлл 
Lǳƭƛŀƴŀ tŀƴŎƘŜƴƪƻ 
¢ŜŎƘƴƛŎŀƭ ¦ƴƛǾŜǊǎƛǘȅ 5ǊŜǎŘŜƴΣ DŜǊƳŀƴȅ 

IȅōǊƛŘ ōƻƴŘ ŀƴŘ ƴŀƴƻǿƛǊŜŘ ōǳƳǇ ǘŜŎƘƴƻƭƻƎƛŜǎ ŦƻǊ ƘƛƎƘ ŘŜƴǎƛǘȅ ƛƴǘŜǊŎƻƴƴŜŎǘ ŦƻǊƳŀǝƻƴ ƻƴ ǿŀŦŜǊ ƭŜǾŜƭ 

¢мм лфΥол 
hƭƛǾƛŜǊ ¢ƘƻƳŀǎΣ  
!ƛȄ aŀǊǎŜƛƭƭŜ ¦ƴƛǾŜǊǎƛǘȅΣ CǊŀƴŎŜ 

tƘŀǎŜ ŎƘŀƴƎŜ ƳŀǘŜǊƛŀƭǎ ŦƻǊ ŜƳōŜŘŘŜŘ ƳŜƳƻǊƛŜǎΥ ƛƴ ǎƛǘǳ ƛƴǾŜǎǝƎŀǝƻƴ ƻŦ ŎǊȅǎǘŀƭƭƛπȊŀǝƻƴ ōŜƘŀǾƛƻǊ ǳǎƛƴƎ ǎȅƴŎƘǊƻǘǊƻƴ 
ǊŀŘƛŀǝƻƴ 

¢мн млΥлл 
9ƘǊŜƴŦǊƛŜŘ ½ǎŎƘŜŎƘΣ  
ŘŜŜǇ·ǎŎŀƴΣ 5ǊŜǎŘŜƴΣ DŜǊƳŀƴȅ 

/ƻƴǘǊƻƭƭŜŘ ƳƛŎǊƻŎǊŀŎƪ ǎǘŜŜǊƛƴƎ ƛƴǘƻ ǘƻǳƎƘŜƴŜŘ ǊŜƎƛƻƴǎ ς ²Ƙŀǘ ƳƛŎǊƻŜƭŜŎǘǊƻƴƛŎǎ Ŏŀƴ ƭŜŀǊƴ ŦǊƻƳ ƴŀǘǳǊŜΚ 

млΥол ς ммΥлл .ǊŜŀƪ  

/ƘŀƛǊΥ wƻŘǊƛƎƻ aŀǊǝƴǎ {Ŝǎǎƛƻƴ рΥ 5ŜƎǊŀŘŀǝƻƴ ƳŜŎƘŀƴƛǎƳǎ ŀƴŘ ƳŀǘŜǊƛŀƭǎ ōŜƘŀǾƛƻǳǊ 

¢мо ммΥлл 
aŀǧƘƛŀǎ {ǘŜŎƘŜǊ 
LƴŬƴŜƻƴ ¢ŜŎƘƴƻƭƻƎƛŜǎΣ aǳƴƛŎƘΣ DŜǊƳŀƴȅ 

5ŜƎǊŀŘŀǝƻƴ ƳŜŎƘŀƴƛǎƳǎ ƻŦ млƪ±πǊŜƛƴŦƻǊŎŜŘ ƛǎƻƭŀǘŜŘ ƎŀǘŜ ŘǊƛǾŜǊǎ ŀǘ ƘƛƎƘ ǎǿƛǘŎƘƛƴƎ ŦǊŜǉǳŜƴŎƛŜǎ ƎǊŜŀǘŜǊ ǘƘŀƴ олƪIȊ 

¢мп ммΥол 
/ŀǊƭ ±Φ ¢ƘƻƳǇǎƻƴ 
aL¢Σ .ƻǎǘƻƴκb¸Σ ¦{! 

/ƻƴǘǊŀǎǝƴƎ {ǘǊŜǎǎ 9Ǿƻƭǳǝƻƴ 5ǳǊƛƴƎ [ƛǘƘƛŀǝƻƴ ŀƴŘ 5ŜƭƛǘƘƛŀǝƻƴ ƻŦ 5ƛũŜǊŜƴǘ 9ƭŜŎǘǊƻŘŜ aŀǘŜǊƛŀƭǎ ŦƻǊ ¢Ƙƛƴ CƛƭƳ .ŀǧŜǊƛŜǎ 

¢мр мнΥлл 
wƻōŜǊǘ CƛƭƛǇŜƪ 
!DI YǊŀƪƻǿΣ tƻƭŀƴŘ 

¢ƻǊǘǳƻǎƛǘȅ ŀƴŘ tƻǊƻǎƛǘȅ ƛƴ 9ƭŜŎǘǊƻŎƘŜƳƛŎŀƭ {ȅǎǘŜƳǎ ς  /ƻƳǇǳǘŜŘ ¢ƻƳƻƎǊŀǇƘȅ .ŀǎŜŘ о5 ¢ǊŀƴǎǇƻǊǘ aƻŘŜƭƭƛƴƎ 

¢мс мнΥол 
WǀǊƎ !ŎƪŜǊ 
.ǊŀƴŘŜƴōǳǊƎ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ ¢ŜŎƘƴƻƭƻƎȅ 
/ƻǧōǳǎπ{ŜƴƊŜƴōŜǊƎΣ DŜǊƳŀƴȅ 

wŜƭƛŀōƛƭƛǘȅ ŀƴŘ wŜŎȅŎƭƛƴƎ ƻŦ .ŀǧŜǊȅ aŀǘŜǊƛŀƭǎ 
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моΥлл ς мпΥлл [ǳƴŎƘ .ǊŜŀƪ  

мпΥлл IƛƪƛƴƎ ǘƻǳǊ ƛƴ {ŀȄƻƴƛŀƴ {ǿƛǘȊŜǊƭŀƴŘ  

мтΥол /ƘŀƛǊΥ YǊƛǎǝƴŀ YǳǘǳƪƻǾŀ tƻǎǘŜǊ ǎŜǎǎƛƻƴ 

нлΥлл /ƻƴŦŜǊŜƴŎŜ 5ƛƴƴŜǊ  

 

²ŜŘƴŜǎŘŀȅ нсǘƘ !ǇǊƛƭ нлно 

/ƘŀƛǊΥ  !ƴŘǊŞ /ƭŀǳǎƴŜǊ {Ŝǎǎƛƻƴ сΥ aƛŎǊƻπ ŀƴŘ ƴŀƴƻƳŜŎƘŀƴƛŎǎ 

¢мт лфΥлл 
[ƛƻƴŜƭ ±ƛƎƴƻǳŘ 
/9!π[9¢LΣ DǊŜƴƻōƭŜΣ CǊŀƴŎŜ 

{ǘǊŀƛƴǎ ŀƴŘ ǎǘǊŜǎǎŜǎ ŎƻƴǘǊƻƭ ƛƴ ƳƛŎǊƻŜƭŜŎǘǊƻƴƛŎ ŘŜǾƛŎŜǎΥ Iƻǿ ǘƻ ƻǇǝƳƛȊŜ ǘƘŜ ǎǘŜǇǎ ŦǊƻƳ ŘŜǎƛƎƴ ǘƻ ƳŀƴǳŦŀŎǘǳǊπ
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New reliability challenges for 3D integration stacking using hybrid bonding 
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Improving efficiency and performance is the main driver for microelectronic applications. The new trend 

named beyond Mooreôs law refers to the emergence of new architectures, processes, devices and materials 

[1]. 3D stacking is definitely an enabler for new architectures and packaging. During the last ten years, many 

demonstrations were done showing that stacking dies of different technologies enable new functionalities for 

optical sensor, memories and CPU devices [2-3]. Increasing the interconnect number by reducing the 

interconnection pitch between top and bottom tiers is key to get faster devices. Hybrid bonding, based on 

oxide-to-oxide and metal-to-metal direct bonding between the reported tiers, is a path for one of the most 

scalable integrations. We are interested here in the robustness of the hybrid bonding level when decreasing 

the interconnection pitch below submicrometric dimensions. The different features for reliability 

requirements are reviewed and discussed towards standard Back-End-Of-Line interconnects robustness.  

Many integration flows have been developed for hybrid bonding stacking. The most critical integration 

scheme in terms of potential metal diffusion is based on a hybrid bonding interface made of silicon oxide and 

copper. We have developed a specific integration that is immune to copper diffusion into the faced oxide. 

This interface stability is assessed towards potential atomic and ionic diffusion [4]. The integrity of the hybrid 

bonding interface towards Cu diffusion is confirmed by dedicated Time Dependent Dielectric Breakdown 

studies through a novel test method. A different dependence between time-to-failure and electrical field is 

observed for the Cu/SiO2 hybrid bonding configuration than for standard BEOL interconnects [5]. Another 

potential concern for a device is the repetitive thermomechanical stresses that could lead to interface 

delamination in the case of hybrid bonding integration. With pitch reduction, higher stress is expected at the 

bonding level due to the reduced spacing between the pads. This point is assessed by Thermal Cycling tests 

for pitch reduction [6]. Stress induced Voiding (SiV) may also be a concern. This failure mechanism is driven 

by the grain microstructure. In our developed integration, reducing the bonding pad size leads to the 

modification of the copper microstructure from polycrystalline to one-grain-dominant feature [7]. However, 

no modification of the robustness to SiV is identified even for bonding pad width reduced to 300nm [8]. 

Reliability under electron flow and thermal stress is performed through electromigration tests. Previous 

studies on large interconnect pitch have shown that the hybrid bonding level behaves as a standard BEOL 

level with failure occurring in the feeding lines. With sub-micron pad width reduction, a modification in the 

failure mechanism is identified. The extracted lifetime is still in line with the specifications [9].  

In-depth studies on the Cu/SiO2 hybrid bonding level indicate that this specific integration is robust to 

standard failure mechanisms for wafer -to-wafer interconnect pitch down to 710nm and pad width of 300 nm.  
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The migration of atoms in metal interconnects in integrated circuits (ICs) increasingly endangers chip relia-

bility. The susceptibility of DC interconnects to electromigration has been extensively studied. A few works 

on thermal migration and AC electromigration are also available. Yet, the combined effect of both on chip 

reliability has been neglected thus far.  

 

This talk introduces both FEM and analytical models for atomic migration and steady-state stress profiles in 

AC interconnects considering electromigration, thermal and stress migration (EM, TM, and SM) combined. 

For this we expand existing models by the impact of self-healing, temperature-dependent resistivity, and short 

wire length. We conclude by analyzing the impact of thermal migration on interconnect robustness and show 

that it cannot be neglected any longer in migration-robustness verification. 

 

Figure 1 illustrates our novel methodology which has been published in [1]. 
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Figure 1.  Illustration of the interactions of EM, TM, and SM (top) and the contribution of this talk (bot-

tom). As shown on the lower left, we provide both FEM and analytical models which can be the basis for 

experimental technology characterization, migration robustness verification, and novel design strategies to 

mitigate migration-induced failures (lower right). 
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The impact of mechanical stress (MS) on mobility in Si and Ge, through the piezoresistivity effect, was already 

described in 1954 [1]. In 1991 first publications appeared discussing the impact of MS on MOSFET reliability 

[2,3]. MS was shown to affect hot-carrier degradation, which is directly related to its impact on mobility. With 

the advent of 3D-technology in the 21st century, there came an increasing concern that TSV-induced stress 

affects the nearby transistors, indicating the need for a ókeep-out zoneô around the TSV, where no transistors 

should be placed [4,5]. Also chip-stacking and packaging induced mechanical stress effects on transistors 

raised concerns [6]. This was referred to as óchip-package interaction (CPI)ô. Over the years several 

researchers at imec studied the interaction between mechanical stress and FETs, either focusing on their 

sensitivity, or using them as sensors [3-8]. This talk presents an overview of the main results. 
 

To study the impact of TSVs on FETs, dedicated test structures with transistors placed at different positions 

from the TSV were used. This allowed to determine the keep-out zone. It was found that the piezoresistive 

factors proposed by Smith [1] could not be used for these new technologies. It was also shown that stress-

impact due to TSVs could be described using Lameôs equation [5]. While for planar FETs n-type is less 

sensitive to mechanical stress than p-type, this is not the case for FinFETS, both types are sensitive.  

While all these studies initially focused on in-plane stress, the question raised about the impact of vertical 

stress. This was studied using a nanoindenter set-up in combination with in-situ electrical probing [7]. These 

experiments showed a clear impact of vertical stress in FinFETs [8], but also indicated that nanoindentation 

produced both in-plane and out-of-plane stress, and in these experiments FEM models were required to 

calibrate the stress. A nice solution to this was offered by Schlipf et al. [9,10].  
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Recent developments in transmission X-ray microscopy (TXM) and high-resolution X-ray computer 

tomography (nano-XCT) make in-situ studies of microcrack evolution in 3D nanopatterned systems, e,g, in 

fully integrated backend-of-line (BEoL) interconnect stacks of ICs, possible [1]. Merging high-resolution 

nondestructive 3D imaging and a miniaturized micromechanical test allow to study the fracture behavior of 

Cu/low-k stacks and to determine local mechanical properties of materials at the micro- and nanoscale. 

 

In this study, two miniaturized piezo-driven double cantilever beam (micro-DCB) test set-ups were applied in 

a laboratory TXM (photon energy 8 keV) to study in-situ microcrack opening and propagation in the Cu/low-

k BEoL stack of a microchip manufactured in 14 nm CMOS technology node [2]. For both micromechanical 

testers, image analysis procedures were developed and applied, and the local energy release rate G at the crack 

tip was determined for sub-100nm regions, by extending the classical fracture mechanics to small dimensions.  

 

During the micro-DCB test at the miniaturized sandwich-like sample, the geometry of the microcrack was 

imaged with about 100 nm resolution at several loading steps. The subsequent data analysis - applying linear 

elastic fracture mechanics and the Euler-Bernoulli beam model - allowed to determine the critical energy 

release rate Gc for crack propagation in sub-100 nm regions of a BEoL stack quantitatively. Particularly, Gc 

was experimentally determined at the crack tip for different regions of the wafer: in the scribe line (SR), near 

the metallic guard ring (GR) structure and in the patterned Cu/low-k interconnect stack. It was shown that the 

GR structures significantly increase the critical energy release rate Gc for crack propagation compared to the 

values in patterned surrounding regions, and it is about one order of magnitude higher than the Gc values 

measured for the respective unpatterned dielectric thin films.  
 

The determination of local mechanical properties of materials as described in this study allows to evaluate 

process-induced materials changes and it provides a pathway to study the scaling of mechanical properties of 

interconnect stack materials of advanced ICs. The experimental results gathered at realistic interconnect 

structures provide valuable information to control the fracture path in the BEoL stacks and for the design of 

guard ring structures to ensure the requested mechanical robustness of advanced ICs. 
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Film adhesion is critical to the performance of semiconductor devices, with interfacial delamination and 

fracture nearly always leading to device failure. Here, indentation tests were applied to thin film devices in 

order to induce stresses to cause delamination. A discontinuity in the load-displacement behavior ñpop-inò 

indicates a critical stress to cause interfacial delamination. The loads at these pop-in events are found to have 

a proportional relationship with the critical load results of the more common scratch test, providing a basis for 

converting critical forces from the two methods. Nanoindentation, combined with a variable temperature stage 

that provides a stable and uniform micro-environmental chamber, allows for the probing of critical forces 

throughout the temperature range of expected device operation. 

 

The delaminated region that occurs after the unloading of the indentation results in a region that bulges from 

the original surface, as the film is suspended over the substrate. This region can be measured using SPM or 

optical imaging of the region, and a radius of delamination, r, and the contact radius, a, can be obtained. This 

information, combined with the film hardness, H, and modulus, E, determined from standard nanoindentation 

tests at forces lower than result in delamination, allow the calculation of the strain energy release rate, G, 

through the following equation.  
 

 [1]. 
 

 

 
 

Figure 1.  Optical images of indentation-induced delamination of polyimide/copper interface for 

determination of contact radius and delaminated radius at (a) 35oC; (b) 150oC; (c) 215oC. 
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The mechanical stress/strain-related changes in the characteristics of transistors manufactured in the 22 nm 

node of the fully depleted silicon on insulator (FDSOI) CMOS technology is studied with advanced 

experimental indentation designs. Precisely, NAND and NOR ring oscillator circuits are used to monitor the 

strain-caused charged carriers mobility changes in the silicon transistor channels. Piezoresistive coefficients 

for strained silicon are then calculated from the experimental indentation data using spherical [1] and 

cylindrical [2] tip geometries as well as for comparison four-point bend (4PB) experiments [3]. In contrast to 

spherical tips, cylindrical indentation tips as well as 4PB experiments enable to induce the mechanical stresses 

and strains more selectively into a specific spatial direction. To set up the experimental details appropriately, 

numerical Finite Element Method (FEM) simulations of the experimental designs have been used. 

Additionally, FEM studies are conducted to compute the quantitative stress and strain values in the silicon 

transistor channels as a function of contact load as well as chip and tip geometries, see Fig. 1. Using the signal 

deviations of the RO circuits subjected to these quantitative strain and stress data from spherical and 

cylindrical indentation (derived by FEM), a set of equations using the linearized piezoresistive model are 

created to determine the directional piezoresistive coefficients [4]. 

 

 
Figure 1.  FEM computed normal stress tensor components in the ring oscillator structures for spherical and 

cylindrical indentation experiments. 
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Emerging interconnect technologies with increased performance of microchips necessitate the reliable 

integration of ultra-low-k dielectric materials such as hybrid organosilicate glasses (OSG) as insulating units 

to prevent crosstalk. However, the process of obtaining nanoscale trench patterns densely filled with low-k 

dielectrics between conducting units has been challenging as the feature sizes become smaller. One of the 

main challenges is the undesired formation of low density regions in the low-k dielectric material filled inside 

the gap which complicates the proper scalability of low-k dielectric materials, as well as leading to poor device 

reliability.  

Using molecular dynamics simulations, we work to develop computational modeling strategies where we 

explore the way different hybrid OSG precursors pack under nanoscale confinement and interact with the 

trench material to understand the role of precursor structure and OSG-trench interaction on the formation of 

low density. This will ultimately guide experimental efforts in terms of precursor selection to achieve 

controlled density to enhance mechanical reliability. Our simulation results show that hyperconnected and 

cyclic 1,3,5-benzene precursor molecules pack more homogeneously under nanoscale confinement compared 

to precursors such as conventionally connected Et-OCS (ethylene bridged) molecules (Fig. 1). We 

demonstrate that the more homogenous distribution and better crosslinking abilities of hyperconnected 1,3,5-

benzene precursors under confinement together lead to the formation of more uniform filling and better 

connectivity of the hybrid material formed inside the feature; thereby yielding improved elastic and fracture 

properties compared to the hybrid OSG derived from precursors such as the Et-OCS molecule. 

 

Fig. 1: Molecular morphology of low-k dielectric organosilicate fillings derived from Tt-OCS, 1,3,5-benzene 

and flexible silane precursors. The gap aspect ratio was 1:2 and the gap depth 4 nm. 1,3,5-benzene molecules 

result in more uniform density compared to Et-OCS and flexible silane molecules. 
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Wide bandgap (WBG) semiconductors, such as SiC and GaN, are being developed as promising replacements 

for Si-based semiconductors because they have high power density, operation frequency, and break down 

voltage. These WBG semiconductors can operate efficiently at temperatures above 300 ÁC.  Compared with 

the conventional silicon (Si) device, the SiC device can operate with significant lower power loss and higher 

operating temperature, which contributes to miniaturization and higher performance of power modules. To 

assemble these devices, the high-temperature bonding process as a die bonding process is one of the key 

technologies. Then, the EU RoHS directive currently exempts the use of high-lead-containing solders such as 

Pb-5Sn and Pb-10Sn solders in electronic packaging. However, there is no guarantee that the exemption will 

last. A strong drive thus exists to find lead-free alternatives for the SiC power devices. Recently, sintering 

metallic nanoparticles such as Ag and Cu have been explored by virtue of their high melting temperatures and 

superior electrical and thermal conductivities [1, 2]. However, the nanoparticle paste contains various organic 

substances. During the bonding process, residual organic materials can induce the formation of unexpectedly 

large voids or gaps in the joint layer. The nanoparticle paste has some problems for practical use. To avoid the 

problems, we have proposed a solid-state bonding process without solvents using a metal sheet with 

nanostructured surface [3]. In this talk, I will introduce new approach on die bonding materials and processes 

using the metal sheet with nanostructured surface. I will introduce a manufacturing process of nanoporous 

sheets in dealloying [4] and a pressure-assisted nanoporous bonding (NPB) for die bonding process. Basic 

experimental test results such as joint strength and interfacial behavior with a substrate will be also explained. 

For example, nanoporous Cu (NPC) sheets were fabricated from MnïCu precursor sheets with thicknesses of 

110ï120 ɛm. The NPC sheet was prepared using the dealloying method, which involved the selective 

dissolution of Mn into 4 % hydrochloric acid from the MnïCu precursor. XRD patterns of the precursor sheet 

and the as-dealloyed NPC sheet are shown in Fig. 1(a). Furthermore, the surface morphology of the NPC sheet 

(ligament size = 132 nm) fabricated by dealloying a precursor sheet is illustrated in Fig. 1(b). 
 

 

 

Figure 1.  (a) XRD patterns of the precursor sheet and as-dealloyed NPC sheet. (b) SEM images of the 

structure of the as-dealloyed NPC sheet. 
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This study starts with an overview of different fine-pitch interconnect technologies, which are based on solder 

(Cu pillar with solder cap, solid-liquid interdiffusion bonding) and pure Cu metal (Cu/Cu thermo-compression 

and ultrasonic bonding, Cu/SiO2 hybrid bonding, nanowired bump). Those technologies are required for the 

packages with high I/O number and especial for heterogeneous 2.5D or 3D chiplet integration. The application 

fields are consumer electronics, high-performance computing, artificial intelligence, etc. The advantages and 

disadvantages of these interconnect technologies as well as process flows will be addressed. The recent 

demand in chiplet integration is a combination of at least two different interconnect technologies for the 

bonding on one interposer, which requires changes in a current process flow.  
The result chapter of this study is an overview of two Cu interconnect technologies for wafer level based on 

hybrid bond pads and nanowired bumps. Both are excellent candidates for small interconnect diameters 

between 3 Õm and 25 Õm. Nanowires used for the bumping process were 100 nm and 200 nm in diameter.  

Hybrid bond processing requires a demanding chemical-mechanical planarization, particle-free dicing 

technology (in case of die-to-wafer bonding) and surface activation. We report on bonding results both for 

wafer-to-wafer and die-to-wafer, as well as detailed microstructure (grain orientation analysis by Electron-

Backscatter-Diffraction, EBSD) characterization of the bonded interconnects (Fig. 1a) [1]. The nanowired 

bump processing has several simplifications against the hybrid bond pad preparation, however it needs an 

alternative process for the removal of the Cu seed layer. We report on the proposed process flow and die-to-

die bonding results [2], as well as microstructure of the nanowired bumps (Fig. 1b). We also address the high-

resolution TEM results of the Cu nanowired interconnects. 

 

  

a) Hybrid bond interconnect (ø4µm top pad) ï EBSD map b) Nanowired Interconnect (ø25µm top bump) ï SEM image 

Fig. 1 Exemplary images of the microstructure of the hybrid bond interconnect (a) and nanowired interconnect (b) 
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Phase Change Memory is a very promising non-volatile memory that is being considered by several 

companies for a wide range of applications (storage-class memory, in-memory computing, neuromorphic 

computing, eNVM for microcontrollers é). Among Phase Change Materials (PCMs) the ternary Ge-Sb-Te 

phase diagram offers a rich variety of interesting phases including the much-studied compounds Ge2Sb2Te5 

and GeTe. At STMicroelectronics a new Ge-rich Ge-Sb-Te alloy (GGST) has been developed with a 

crystallization temperature above 350ÁC [1] for addressing the specific needs of the automotive market where 

high operating temperatures are required. 
During the last years we have investigated the crystallization and mechanical behavior of these PCMs 

using X-ray diffraction as a function of temperature during annealing. Capped thin films are heated in situ 

under nitrogen atmosphere [2,3,5] on the DiffAbs beamline of SOLEIL synchrotron facility. The incident 

beam is monochromatic (18 keV) and the incidence is fixed. A bidimensional detector collects the diffraction 

pattern and is corrected and integrated [4] to yield a 1D diffraction pattern. The diffraction peaks are then 

fitted with an analytical function that allows extracting the integrated intensity, integral breadth and position 

of the Bragg peaks. These parameters allow following the crystallization kinetics and the thermomechanical 

behavior [2,3] of thin films as a function of various parameters: doping, film thickness (5 nm ï 50 nm), nature 

of surrounding layers é In addition, we will show that, thanks to the high flux and penetrating power of 

synchrotron X-rays, patterned and metallized structures close to real products can be investigated. The results 

obtained from such in situ investigations bear important consequences for the understanding of the 

crystallization process in memory cells. 
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The advent of evolutionary developmental biology in the final decades of the 20th century was based on the 

fact that biologists ï together with architects and engineers ï established a theoretical basis for the science of 

form. Modern morphological research (see e.g. [1]) has not only impact on biology but also on architecture 

and materials science. It provides a new interdisciplinary perspective to the design of materials. The transfer 

of biological principles into architecture and material design has a huge potential in solving technical problems 

by natural forms. In particular, the goal of biomimetics is to implement a biologically informed material 

system that relies equally on construction principles in nature and those in fabrication [2].  
 

A proven ñdamage-tolerant designò of nature are biocomposites that contain components with high fracture 

toughness. As an example, high-resolution X-ray imaging of the outermost layer of a mollusk shell shows that 

the propagation of microcracks that have been initiated by an indent are steered into and finally trapped in an 

amorphous organic phase with high fracture toughness, located between calcite building blocks [3]. Studies 

at biological objects, combining experimental data and modeling, can help to develop fracture mechanics at 

small scales and to understand microcrack propagation in hierarchically structured material systems. 
 

Learning from nature, an approach for avoiding mechanical damage of microchips manufactured in leading-

edge CMOS technology nodes is a controlled steering of microcracks, e.g. generated during the wafer dicing 

process, into regions with relatively high fracture toughness [4]. One option to prevent material cracking and 

interface delamination in BEoL stacks is the integration of metallic guard ring (GR) structures at the rim of 

the microchip. These specially designed metal structures are integrated into BEoL stacks to dissipate energy 

in such a way that crack propagation is efficiently slowed down and eventually stopped. Experimentally, a 

displacement-controlled crack propagation through the Cu/low-k stack and a controlled crack steering were 

realized in a miniaturized piezo-driven double-cantilever beam (DCB) test, by a combination of loading 

modes, i.e. a tuned fracture mode mixity locally at the crack tip. This mechanical test set-up was positioned 

in the beam path of a laboratory transmission X-ray microscope (TXM) for imaging the pathways of 

microcracks with sub-100nm resolution in the region of interest (ROI) that includes the BEoL and particularly 

the GR structures [5]. With the methodology described, i.e. the controlled steering of microcracks into regions 

with high fracture toughness while considering nanoscale mechanical properties of fully integrated 3D 

interconnect stacks (particularly the local critical energy release rate Gc), conclusions for the robustness of 

BEoL stacks can be drawn and input for the design of GR structures can be provided [6]. 
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Galvanic isolated couplers are commonly used in industrial, telecom and automotive systems to counteract 

ground potential differences and to protect the user against high voltage shock. Hence, the robustness of the 

galvanic insulation of couplers has to be guaranteed over the operating life of the equipment. The design of 

such equipment is a challenging task because, for example, even an AC/DC power converter for a home 

appliance (e.g. a laptop computer) has to withstand not only the 220V system voltage, but also the PWM 

(pulse width modulation) recurring peak voltages reaching several hundred volts, overvoltage occurrences 

due to power grid instability and surge pulses (1.2Õs rise-time and 50Õs fall-time) generated due to lightning 

outside the home. These power grid disturbances can reach several thousand volts at the 220V-AC side of the 

power converter. To guarantee the robustness of such appliances they must be certified by independent test 

houses such as the VDE, TUEV or UL. The certification is performed on the basis of several standards, such 

as the IEC 60664 (Insulation coordination for equipment within low-voltage systems), IEC 62368 (Safety 

requirements for audio/video, information and communication technology equipment) and IEC 60747-17 

(safety requirements for magnetic/capacitance couplers). According to these standards, all PWM applications 

running below 30kHz can be certified via voltage tests at 50Hz. Above 30kHz the dielectric insulation 

thickness has to be increased by a factor of two at minimum.  

The typical IC coupler design solution consists of two chips, one for the primary and the other one for the 

secondary side [1]. Each chip is placed on its own lead-frame paddle within a molded IC package. A high-

voltage capable transformer or capacitance is placed on one or both of these two chips to provide a signal path 

between the primary and secondary sides. The connection between the chips is done by bond-wires via the 

top winding/electrode of the transformer/capacitance. The dielectric material and the thickness between the 

paddles and within the transformer/capacitance must be chosen to withstand several thousand volts. The 

typical SiO2 isolation thickness in the transformer/capacitance is between 10 and 30Õm for PWM applications 

running below 30kHz. There is also a parasitic E-field above the transformer/capacitance which stresses the 

mold compound above the chip passivation. This can reach several 100V/Õm. 

To increase the power efficiency, the PWM switching frequency has been increased from 30kHz up to several 

hundred kHz in recent years, thanks to the introduction of GaN and SiC power transistors. The above-

mentioned standards already require for a 100kHz PWM application a 2-4 times thicker isolation than that for 

an 30kHz application. Whether this required thickness increase is justifiable has been analyzed based on 

material test structures stressed using high voltages (3-10kV) and high frequency (30, 150, 450, 800kHz) for 

very long periods of time. The results indicate that the life-time of the coupler at high voltages is determined 

by the SiO2 within the transformer/capacitance while at medium voltages the determining factor is the mold-

compound on top of the chip. The experiments furthermore show that the life-time actually increases with 

increasing frequency, suggesting therefore that a thicker isolation than the one used for a 30kHz application 

is not needed. For both the SiO2 and the mold compound a threshold E-field can be determined, below which 

the main degradation mechanism is not even visible. This presentation will provide details of the experiments, 

results and possible degradation models.  
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Thin film Li-ion batteries with high energy capacity and cyclability are needed for autonomous microsystems 

such as sensors used for a wide range of applications in the Internet of Things. Silicon and germanium can 

serve as high capacity anodes, and  for applications in microsystems,  RuO2 can serve as a high capacity 

cathode.  The high Li capacity of these materials causes volume expansions of 250-300% that can lead to 

mechanical failure and poor cyclability. In-situ measurements show that compressive and tensile stresses of 

order 1 GPa develop in Si and Ge (Fig. 1(a), [1]). However, the behavior of RuO2 is fundamentally different, 

with low tensile stresses during the 2nd and subsequent delithiation cycles and  a more gradual increase in the 

compressive stress during lithiation (Fig. 1(b), [2]). Using lithographically patterned arrays of notched holes 

in RuO2 films, this behavior was shown to be associated with reversible sliding at the interface between RuO2 

and the underlying current collector (Fig. 3(c), [3]).  Regular arrays of channel cracks formed at locations 

controlled by the notched holes, leading to formation of square islands of RuO2 film. In subsequent cycling, 

these wide channel cracks reversibly closed and opened during lithiation and delithiation.  
 

 
 

Figure 1: a) Nominal stress measured in situ during lithiation/delithiation cycles of (a) Si and Ge films and 

(b) a RuO2 film. (c) RuO2 films patterned with an array of notched holes. Channel cracks form to create 

square islands of RuO2.  Subsequent cycling causes the channel cracks to reversibly close and open. 
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Even up-to-date advanced studies of the transport and reactions in electrochemistry are characterized either 

by essentially homogeneous treatment of the system (with possible including several species, ions and neutral 

molecules) with non-linear electrode kinetics (Butler-Volmer or Tafel equations) or by a more sophisticated 

treatment of the system (including its real micro-structures), but with a simple transport model (one species 

only and simple Fickian diffusion).  

 

Two examples will illustrate a new more general attempt for the description of transport and reactions in 

electrochemical systems. The first example concerns the influence of ions activities and materials structure on 

ions transport, a problem of a fundamental importance for safety of reinforced concrete structures, in particular 

for understanding and minimizing corrosion of rebars in concrete. The second example demonstrates the 

influence of the materialôs porosity and its 3D microstructure on the infiltration of the material. The 

Navier-Stokes and mass balance equations are solved in the continuous porous structure and the results are 

compared with simplified simulations which assume a homogeneous material and with average properties 

(porosity, tortuosity and constrictivity) accounting for its complex morphology. 
 

(a) 
 

(b) 

Figure 1.  (a) 3D hierarchical concrete structure; (b) Chloride ion concentration in concrete sample (2D cross-

section). 
 

Concluding, the influence of materialôs nano-/micro-structure on transport in real 3D electrochemical systems 

and processes is presented. The geometry for the transport is taken from X-ray computed tomography (XCT) 

measurements. The XCT results are analysed and using specialized algorithms a segmentation of 3D structure 

is performed which is used for 3D mesh generation. The mesh prepared in this way is then utilised in finite 

element method simulations using COMSOL Multiphysics software and user defined governing equations. 
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