
                                                                                                                       

       

 
CONNECT Open Day 2018 Workshop 

Dresden, Germany - 20th March 2018 
https://www.date-conference.com/conference/co-located-workshop-cw01 

 

Carbon Nanotubes: The key to unlock future VLSI Interconnects? 
Abstract 
The workshop will focus on Carbon Nanotube (CNT) technology as possible candidate for future VLSI 
interconnects. The major aspects of CNT interconnects will be covered, from the issues and solutions 
to growth/deposition local and global lines to the novel measurement and simulation methodologies 
necessary to characterize and understand CNT performances. Aim of the workshop is to disseminate 
the latest results arising from the H2020 EU-funded project CONNECT as well as to host invited talks 
from academia and industry to deepen the understanding of future Interconnect scenarios. 

Target Audience 
The target audience is students, researchers, engineers and entrepreneurs who have an interest or 
work in the areas related to advanced and future interconnects for integrated circuits. Since 
interconnects delay is a major limitation to circuits performance, anyone interested in advanced 
CMOS technologies will benefit from the topics addressed by the workshops’ talks. Researchers 
working in the field of Carbon Nanotubes, even if not for with direct application in interconnects 
technology, will also find cross-disciplinary interest in this workshop. Finally, CMOS circuit designers 
will be able to gather useful information on modeling, design and optimization opportunities offered by 
Carbon Nanotubes based technologies.     

Registration  
Thanks to the contribution of the EU Community through the project CONNECT, the regular 
registration fee will be waived for all attendees. https://www.connect-h2020.eu/registration 
 

 

https://www.date-conference.com/conference/co-located-workshop-cw01
https://www.connect-h2020.eu/registration


                                                                                                                       

       

 
Background on CONNECT Project 
CarbON Nanotube compositE InterconneCTs 
 

As the chip size goes down, interconnects become 
major bottlenecks irrespective of the application 
domain due to electromigration issues and an ever-
increasing power consumption. The CONNECT 
project investigates ultra-fine CNT lines and metal- 
CNT composite material for addressing the issues 
of current state-of-the-art copper interconnects. 
Novel CNT interconnect architectures for the 
exploration of circuit- and architecture-level 
performance and energy efficiency will be 
developed. CMOS compatibility as well as 
challenges of transferring new processes into 
industrial mass production will be addressed. The members of the CONNECT consortium from 
Germany, Switzerland, Great Britain and France are embedded along the electronics value chain 

from fundamental research to end‐users and bring together some of the most renowned research 
groups in that field in Europe. With significantly improved electrical resistivity, ampacity, thermal and 
electromigration properties of CNT interconnects compared to state-of-the-art approaches for 
conventional copper interconnects, an increased power and scaling density of CMOS or CMOS 

extension will be available and applicable to 
alternative computing schemes such as 
neuromorphic computing.  
The technologies developed in this project are key 
for both performance and manufacturability of 
scaled microelectronics to manifest miniaturized 
microelectronic products with enhanced 
functionality at ever decreasing cost. The 
procurement of CONNECT will foster the recovery 
of market shares of the European electronic 
sector and prepare the industry for future 
developments of the electronic landscape.  
 
You can find more information about CONNECT 
project at the website  
www.connect-h2020.eu  



                                                                                                                       

       

CONNECT Open Day 2018 Workshop Agenda 

Date: 20th  March 2018  
Venue: DATE 
 

 

 

20th March 2018 
12.00 
14.00 

Arrival & Registration 

14.00 Welcome and CONNECT Open Day Introduction 
Prof. A. Todri-Sanial  

Dr. B. Uhlig 

14.20 
Transforming Nanodevices into Nanosystems: The 

N3XT 1,000X 
Prof. S. Mitra 

(Stanford University) 

15.00 
Carbon Nanotube Thin Film Transistors for Flexible 

Circuit Design 
Dr. L. Shao 

(UCSB) 

15.40 Coffee Break 

16.00 
Modeling and Technology Platform for Analog High 

Frequency Carbon Nanotube Transistors 
Dr. S. Hermann  

(FhG-ENAS) 

16.40 
A Multiscale Electro-Thermal Simulation Study of 

Cu-CNT Composite Interconnects 
Dr. J. Lee 

(University of Glasgow) 

17.10 
Variability Study of MWCNT Interconnects 

Considering Defects and Contact Resistance 
Dr. R. Chen 

(CNRS) 

17.40 Wrap Up & Closure 
 

 

 

 

 

 

 

 

 

 



                                                                                                                       

       

 

Abstracts 
 

Progress on Carbon Nanotube BEOL Interconnects 

We will provide a review of the current progress and results obtained in the European H2020 CONNECT project. 

Amongst all the research on carbon nanotube interconnects, those discussed here cover 1) process & growth of carbon 

nanotube interconnects compatible with back-end-of-line integration, 2) modeling and simulation from atomistic to 

circuit-level benchmarking and performance prediction, and 3) characterization and electrical measurements. We 

provide an overview of the current advancements on carbon nanotube interconnects and also regarding the prospects 

for designing energy efficient integrated circuits.  

Presenter: Dr. Benjamin Uhlig, Fraunhofer IPMS 

 

Transforming Nanodevices into Nanosystems: The N3XT 1,000X  

The N3XT (Nano-Engineered Computing Systems Technology) approach overcomes these challenges through recent 

advances across the computing stack: (a) new logic devices using nanomaterials such as one-dimensional carbon 

nanotubes (and two-dimensional semiconductors) for high performance and energy efficiency; (b) high-density non-

volatile resistive and magnetic memories; (c) ultra-dense (e.g., monolithic) three-dimensional integration of logic and 

memory with fine-grained connectivity; (d) new IC architectures for computation immersed in memory; and, (e) new 

materials technologies and their integration for efficient heat removal. Compared to conventional approaches, N3XT 

architectures promise to improve the energy efficiency of abundant-data applications significantly, in the range of three 

orders of magnitude. Such massive benefits enable new frontiers of applications for a wide range of computing systems, 

from embedded systems to the cloud. 

Presenter:  Prof. Subhasish Mitra, Stanford University, USA 

 

Carbon Nanotube Thin Film Transistors for Flexible Circuit Design 

Carbon nanotube thin film transistor (CNT-TFT) is a promising candidate for flexible electronics, because of its 

high carrier mobility and great mechanical flexibility. In addition to merits of low-cost manufacturing such as low-

temperature and solution-compatible processes, CNT-TFT is recently emerging as an ideal candidate for low-cost 

wearables and internet of things (IoT) nodes. However, large process variations, mono-type devices and lack of device 

models make the design of CNT-TFT flexible electronics very challenging. Thus, an accurate and trustworthy compact 

model and robust design methodologies are critical to enable design innovations based on CNT-TFTs. In this 

presentation, I will present a compact model for CNT-TFTs based on the measurement data and provide 

validation results of the model with fabricated CNT-TFT devices as well as logic circuits. Also, a robust design style, 

Pseudo-CMOS, will be discussed in details to address design challenges of mono-type CNT-TFT circuit design. 

Presenter:  Dr. Leilai Shao, University of California Santa Barbara, CA, USA 

 



                                                                                                                       

       

Modeling and Technology Platform for Analog High Frequency Carbon Nanotube Transistors 

We present recent advances on a modeling and technology platform enabling the use of high-frequency CNT field-effect 

transistors (CNTFETs) for analog wireless communication obtained in the framework of the cluster project Center for 

Advancing Electronics Dresden (cfaed). In order to guide the technology development and to enable circuit design 

studies, an experimentally verified multiscale simulation framework for CNTFETs covering all levels from atomistic 

simulations over TCAD simulation up to compact models is demonstrated. On the technology site, we follow a holistic 

wafer-level approach for the fabrication of FET arrays in multi-tube configuration. We present recent achievements 

along the fabrication chain highlighting progress on channel engineering with length-separated CNTs as well as a post-

polymerization enabling significant transistor performance enhancements partially compensating natural variation in 

source material. Finally, we demonstrate TCAD optimized high-frequency CNTFETs. 

Presenter: Dr. S. Hermann, FhG-ENAS, Germany 

A Multiscale Electro-Thermal Simulation Study of Cu-CNT Composite Interconnects 

In this work, we introduce hierarchical simulation framework to study the electromigration problem in Cu-CNT 

composite interconnects. We have investigated the activation energy and self-heating temperature in Cu-CNT composite 

interconnects using  multiscale electro-thermal simulations . Firstly, the electrical and thermal  properties of Cu-CNT 

composites have been calculated using the Density Functional Theory and Reactive Force Field approaches, respectively. 

In addition, we have calculated the contact resistance between Cu and CNT. To take into account the self-heating 

phenomenon in Cu-CNT composite interconnects, all corresponding results from atomistic simulations are employed in 

macroscopic electro-thermal simulations. We have found that although Cu atoms have similar activation energy in both 

bulk Cu and Cu-CNT composites, Cu-CNT composite interconnects are more resistant to electromigration thanks to the 

small self-heating temperature. Based on the simulation results, we present the most important design rules to 

minimize the electromigration in Cu-CNT composite interconnects. 

Presenter: Dr. Jaehyun Lee, University of Glasgow, UK 

 

Variability Study of MWCNT Interconnects Considering Defects and Contact Resistance 

In this work we present for the first time an enhanced compact model of MWCNT interconnects while considering 

defects and contact resistance. Based on atomistic level simulations, we have found that defect type and defect density 

impact MWCNT resistance and ultimately their electrical performance. Similarly, we have computed by atomist 

simulations the contact resistance of end-contacts on MWCNTs. For the first time, we have developed an advanced 

shell-by-shell model to include various parameters such as diameter of shell, chirality of each shell, defects on each shell, 

and connectivity of each shell to end-contacts. We run Monte-Carlo simulations to perform variability studies on each of 

these parameters to understand the electrical performance variation on MWCNT interconnects. Additionally, we study 

charge-based doping of MWCNTs as a means for reducing the performance variability due to variations on diameter, 

chirality, defects and contact resistance. We present simulation results to convey the critical impact of variations on 

MWCNTs and the benefits of charge-based doping on MWCNTs. 

Presenter: Dr. Rongmei Chen, CNRS-LIRMM/University of Montpellier, France  


