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Leti  is an institute of CEA , a French research -and - technology organization 
with activities in energy, IT, healthcare, defence and security.  

By creating innovation and transferring it to industry, Leti is the bridge 

between basic research and production of micro -  and nanotechnologies that 
improve the lives of people around the world.  

Backed by its portfolio of 2,200 patents, Leti part ners with large industrials, 

SMEs and startups to tailor advanced solutions that strengthen their 
competitive positions. It has launched more than 50 startups. Its 8,000m² of 
new -generation cleanroom space feature 200mm and 300mm wafer 

processing of micro and nano solutions for applications ranging from space to 
smart devices. Letiôs staff of more than 1,700 includes 200 assignees from 

partner companies. Leti is based in Grenoble, France, and has offices in Silicon 
Valley, Calif., and Tokyo.  

Visit www.leti .fr for more information  

 

Within CEA -Leti, Silicon Technologies and Components research activities are 

shared between two divisions gathering together around 6 00 researchers.  

The Silicon Technologies Division  operates 24 hours a day, 7 days a week, 
all ye ar round, 7,500m 2 of state -of - the -art cleanroom space divided into three 

different technological platforms .  

The Silicon Components Division  carries out research on nanoelectronics 
and heterogeneous integration on silicon and is focusing on two mains areas : 

on -going shrinking of CMOS devices to extend ñMooreôs Lawò for faster, less-
expensive computing power, and the integration of new capabilities into 
CMOS, such as sensors, power devices, imaging technology, and new types of 

memory, to enable new applicati ons.  

Welcome 
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Simon Deleonibus  
Chief Scientist, CEA Research Director  

Dear Reader  

We are proud to release our fifth annual Silicon Components and Technologies Annual 

Scientific Research Report, for the year 2014. This booklet contains 56 one -page research 

summaries covering advances in the focus areas of our Silicon Divisions, highlight ing new 

results which have achieved at least two publications during the year.  

In 2014, the Silicon Divisions produced 413 publications, including 85 in peer - reviewed 

journals, achieving Impact Factors as high as 21. We published 435 grade -A items, which 

include peer - reviewed presentations at international technical conferences sponsored by 

scientific organizations, peer - reviewed journal papers, and internationally awarded patents.   

I am particularly proud to highlight our 17 oral presentations at the 201 4 International 

Electron Device Meeting (IEDM), held in San Francisco last December, which included four 

invited talks [1 -4]. This is an exceptional accomplishment for the Silicon Divisions, placing 

CEA-Leti in the top tier of institutions worldwide at the  major flagship conference on 

electron device research. It is even more exceptional because we demonstrated the 

maturity reached by FDSOI and its ability to foster future 2D and 3D applications, as well as 

the co - integration and achievements of More Moore and More than Moore devices.  

More specifically, at nodes  below 10nm, active device architecture will be strongly 

dependent on the control of channel electrostatics and geometric variability. In this 

dimensional range, we need to envision a reduction of in trinsic variability towards zero. To 

this end, 1D nanowires and atom - thick 2D materials are good candidates for co - integration 

in an augmented 3D Si -based Diversified CMOS platform [1].  

Power consumption at the system level can be reduced to zero thanks t o opportunities in 

materials engineering, device architecture, heterogeneous combinations of More Moore and 

More than Moore devices, and packaging [1,2]. Energy supply and storage can be 

implemented by incorporating adapted harvesters and thin - film batteri es [1].  

The heterogeneous co - integration of Nano -Electro -Mechanical Systems (NEMS) and CMOS 

enables high - resolution gas sensing with better figures of merit (signal - to -noise ratio, 

speed, power consumption) compared to standalone solutions [2]. Nanowire t echnology can 

be leveraged to achieve NEMS cantilever multi -gas sensor gauges.  

Memory hierarchy revision gives new opportunities to low -voltage switching embedded non -

volatile resistive memories (RERAMs) [3]; these can be integrated with logic, for 

applica tions beyond data storage. Conductive Bridge RAMs and Ox -RAMs are good 

candidates for the applications [3]. They will enable drastic new architecture -based 

improvements in power consumption, latency and design through circuits with 

reconfigurable, programm able or neuromorphic architectures [3].  

Communication with the outside world will be essential to future systemsô autonomy and 

connectivity. SOI substrates, with high resistivity and trap options, have brought major 

advantages for optimization of front -end component integration, thanks to the reduction of 

parasitic losses in both passive and active devices, as well as superior isolation compared to 

bulk [4].  
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Invited papers at IEDM 2 014 , San Francisco, USA, Dec 15 - 17, 2014  
[1] S. Deleonibus et al ., ñFuture Challenges and Opportunities for Heterogeneous Process Technology. Towards the Thin Films, Zero 

Intrinsic Variability Devices, Zero Power Eraò.  

[2] J. Arcamone et al .,  ñNanosystems Monolithically Integrated with CMOS: Emerging Applications and Technologiesò. 

[3] E. Vianello et al ., ñResistive Memories for Ultra -Low -Power Embedded Computing Design ò.  

[4] C. Raynaud et al ., ñTechnology Pathfinders for Low Cost and Highly Integrated RF Front End Modulesò.  

All these subjects have been among our top priorities since I defined the scientific direction 

of the Silicon Divisions. I am proud to see CEA -Leti keeping its leadership position with a 

clear vision of the advanced SOI roadmap for 2D&3D co - integration of More  Moore and 

More than Moore devices.  

In 2014, Silicon Components and Technologies Divisions members received 76 awards and 

distinctions ï resounding recognition from their peers serving on high - level committees, at 

societies and with the technical programmi ng groups of international conferences. In 

addition, our assignees and their co -workers received 12 awards and recognitions of 

personal distinction from their peers, at conferences and by selection committees. Our 

researchers won eight awards at internatio nal conferences. These honors were earned 

through strong collaborative teamwork and commitment, and our senior staff members 

were distinguished four times by their peers.  

During the past nine years, I have been very happy to establish and oversee the scien tific 

direction of the Silicon Components and Technologies Divisions (which included 1013 

members at the end of 2014). We have created the necessary tools to manage scientific 

objectives, long - term roadmaps, the selection and review of thesis topics (some 35 new 

subjects per year and follow up of more than 140 PhD students), internships (about 50 new 

subjects each year) and post -doctoral research (15 -20 new subjects annually).  

The value of this activity can be measured through scientific performance, such as 

publications in highlighted conferences and peer - reviewed journals (a total of more than 

400 per year on average), achievement of more than one grade -A publication per potential 

publishing researcher, exceptional funding such as ERC Grants (three awarde d to the Silicon 

Divisions in the past five years), and international awards and recognitions from our peers. 

Because patents are vital to our partnersô future success, our publication activity is 

complemented by intellectual property activity ï 2014 saw 1 32 patents filed, 123 with 

international award.  

The special position held by our Silicon Divisions requires committed support of our 

development activity and maintainance of top -quality research, while retaining strong 

connections to fundamental academic i nvestigation. This commitment is illustrated by our 

fostering of long - term efforts through internal CEA Flagship programs, such as ZeroPOVA 

and A3DN. This continues a multi -decade Silicon Divisions tradition of offering state -of - the -

art technology platform s to the scientific community, with the support of CEA.  

Our visibility and international recognition are made possible by our international 

collaborations with major teams at Tokyo Institute of Technology, Caltech, Stanford 

University, the University of C alifornia, Berkeley; École Polytechnique Fédérale de 

Lausanne, and Albany -Nanotech; and by our participation in major international 

conferences through technical program committees, boards of governors, and evaluation 

committees. Underlying all these effor ts is the cooperation of all our researchers and 

management, as well as the Silicon Division scientific committee that I had the pleasure and 

honor to establish and lead.  

I wish great luck to my successors and greetings to the entire staff of the Silicon 

Components and Technologies Divisions. I also wish to extend my appreciation to the 10 

chapter editors and authors of the 2014 Scientific Report, who spared no effort to make it a 

valuable reference document.  

I advise my dear colleagues to keep in mind the  popular saying: ñBefore the baobab grew 

up (several decameters span), the seed was there (several centimeters in size).ò The Silicon 

Technologies and Components Divisions have demonstrated this principle in the past and 

have strong assets to continue demo nstrating it into the future.  

 

Grenoble, April 10, 2015,  

Simon Deleonibus, Chief Scientist, CEA Research Director, IEEE Fellow  
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Dear Reader  

The global semiconductor industry achieved  record sales of $336 billion in 2014  -  but will 

that trend continue in years to come? Today t here are many s ignificant uncertaint ies.  

Our technological roadmaps  are grappling with the po tential end of Moore's law, the 

complexity of FinFET, FDSOI  adoption , delays on 450mm and extreme UV lithography , and 

other challenges. Our collaborative models and  alliances are faced with the multiplication of 

mergers, changing relationships between  fabl ess companies and f oundries, and the growth 

of the Chinese ecosystem . And future market development hinges on a wide range of 

factors, including the Internet of Things, Big Data, High Performance Computing and 

servers, and e-health.   

I n this evolving context, our division has reaffirmed its world - leading position in 

nanoelectronics research and, once again in 2014, deliver ed cutting -edge  technology 

solutions  to its industrial partners . 

In particular, the work done by CEA-Leti  on FDSOI ha s enab led STMicroelectronics to 

convince Samsung and GlobalFoundries of the industrial i mportance  of this technology , 

which offers an excellent alternative to FinFET thanks to a positive  trade -off  between 

performance (speed, power consumption,  etc. ) and manufact uring  cost . Meanwhile, we 

obtained  important  results on  power  electronics, which allowed us to establish new 

partnerships  to advance our GaN-on -silicon  technology and help create a global technology 

ecosystem.  Finally, we successfully continued  the globali zation strateg y of our MEMS 

activities . Today, Leti is widely seen as one of the world - leading laboratories in our  field , 

and this greater  visibility brings us new clients.   

Without being exhaustive, I would like to highlight  some major breakthroughs from 2014 . 

CMOS  

Á We demonstrat ed the dynamic performance of 14nm FDSOI devices , demonstrating 

their  competitive ness  with 14 nm  FinFET. Also last year, 28nm FDSOI achieved 

production maturity at Samsung Electronics Corp., stemming from a process co -

developed by L eti and STMicroelectronics . 

Á We proved the implementation of our innovative CoolCube Ê concept on 300mm wafers 

in a production environment. CoolCubeÊ aims at sequential fabrication of vertically 

stacked  transistors and offers  true benefits of going to the ve rtical dimension , because  

the stacked layers can be connected at the transistor scale.  This new technology has 

attracted interest  from  Qualcomm and other companies, including IBM, ST and  Altera . 

Á We recorded notable results on memories , including  the  first functional demonstrator of 

12Mbit PCM memory incorporating Letiôs phase-change material , and  demonstration of 

more than 100 million cycles on  a OxRAM memory built using  STMicroelectronicsô 28nm 
CMOS technology.  

 

 

 

 

 

 

 

 

 

 

Jean - René Lèquepeys  
Head of Silicon Components  Division  
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Á Finally, we realized the 3D assembly of two 65nm logic chips connected by an 

asynchronous network on chip (NoC)  ï a world first ! This  is the result of excellent 

collaboration , internal ly between our  design and silicon divisions , and external ly  with 

partners ST and Mentor  Graphics.  

Power Electronics and Energy  

Á Investments made i n power electronics  have started to bring positive results: realization 

of GaN power transistors on Si substrates with 30A current capability and 600V 

brea kdown voltage , and strong patent activ ity  (12 patents registered in 2014 on our 

innovative Normally -Off architectures).  

Á The start -up Exagan , created in April 2014 , fulfills the desire to establish in France a real 

industrial ecosystem  around GaN on silicon. The startup has a f ab- lite model, keeping 

the  technological capability to fabricate GaN wafers using GaN epitaxy on  200mm  

silicon,  but outsourcing power component  production to a foundry . 

Á I n collaboration with Soitec and the Fraunho fer ISE , we achieved a new world record in 

the field of  concentrated photovoltaic s (CPV) with a conversion efficiency of 46.5% 

measured by the Fraunhofer (or  46% measured by the AIST ) . 

Á In the field of  thin - film batteries, we supported STMicroelectronics ô ramp -up of EnFilmÊ 

technology.  

Microsystems  

Á We demonstrated a  "combo" sensor made of three accelerometers , three gyroscopes , 

and three magnetometers  co- integrated on the same die.  

Á First images were obtained with an ultrasound probe made by VERMON that integrated  

our cMUT sensors.  

Á We established a new state -of - the -art benchmark on BAW filters with L ithium Niobate  

resonators, which exhibit an exceptional electromechanical coupling coefficient (kt² = 

59%).  This opens the door to wide -bandwidth filters and new concepts of tunable 

acoustic filters.  

Á We suppl ied  our spinoff start -up WAVELENS with a functional MEMS autofocus 

capability, and they obtained their first prototyping request from big players in the 

smartphone  industry .  

Á We developed a new concept of 60GHz silicon - integrated antennas based on surface 

high - impedance ( SHI ) reflector s and realized through 3D integration. It combined high  

integration and performance . 

 

All these results were obtained due to the sustained effort s of our team  members,  and I 

would like to sincerely  thank all of them. Their excellent scientific work  was  recognized 

again in  several papers  at  major conferences , including IEDM, VLSI, and Transducers.  This 

report provides an overview of their many achie vements.  

 

 

Grenoble, April 13, 2015  

Jean-René Lèquepeys, Head of Silicon Components Division  
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Dear Reader  

The mission of our d ivision  is to provide our internal and external customers with the  best 

innovative engineering solutions , so they can perform world - leading research on n ext -

generation technology nodes. To achieve this, we need to provide the most advanced 

research facilities in the industry.  Therefore, we are continuously investing in n ew buildings 

and new process tools.  

In 2014, we realized 28.5Mú investment in new manufacturing equipment. This figure 

includes 4.3Mú dedicated to upgrading  our installed base and streamlin ing  our equipment 

portfolio. Tools put into production last year included lat est -generation  300mm as well as 

online metrology and offline c haracterization equipment.  

Our cleanroom  upgrades are  continu ing;  late last year we added 500m 2 to our 300mm line. 

Moreo ver, we have begun  building a new cleanroom dedicated to photonic -on -silicon 

processes , with a completion date in 2017 .  

This internal investment is complemented  by a strong policy of collaboration with tool 

manufacturers. The idea is to build win -win partnership s. CEA-Leti takes advantage of 

innovative tools or materials to develop next -generation technologies. In return, our 

partner s gain insight into the requir ements neede d for  future  process nodes, enabling them 

to execute solutions well  ahead of global semiconductor industry roadmaps. This resulted in 

the following achievements:  

Á We renewed three common labs: one with ASELTA Nanographics to jointly develop e -

beam proximity effect correction solutions for both mask writing and maskless 

lithography (ML2) applications, another with Arkema to address development and 

industrialization of lithography based on nanostructured polymers, and a third  with FEI 

to use holog raphy and nanobeam diffraction techniques to characterize advanced 

semiconductor materials for the 22 nm technology node and beyond.  

Á We strengthened and extended  strategic partnerships with  Applied Materials on the 

CoolCube TM transistor stacking concept , ne w-generation memories and advanced CMOS ;  

with L am  Research on III -V materials etching ; and with  EVG to optimize temporary  and 

permanent  bonding technologies related to 3D TSV integration.  

 

The year also was rich in scientific results for our division  with  a record number of more 

than 200 scientifc papers produced and more than 40 patents filed. The international 

recognition we received (six distinctions and awards obtained in 2014) proves the 

excellence of our teams and their accumulated skills and experti se.  

 

Fabrice Geiger  
Head of Silicon Technologies Division  
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Our team is focusing on key challenges around advanced CMOS, 3D, photonics and 

advanced memories. We are also addressing key 200mm challenges around MEMS, power 

electronics, RF, magnetic materials, and other fields. Examples of our achievements 
include:  

Á A team comprised of CEA -Leti, Debiotech SA, the Swedish Royal Institute of Technology 

(KTH) and Mecaplast SA won a silver medal in the 2014 Medical Design Excellence 

Awards for a MEMS -based micro -needle that allows pre cise, pain - free injection of up to 

0.5ml of vaccines and medications in a few seconds.  

Á Through common work with Clinatec Institute, we r ealiz ed a new platform based on 

porous silicon , dedicated to versatile and efficient detection of biomarkers . 

Á We transf erred know -how to Toyota on the characterization of dopants in SiC devices.  

Á We d evelop ed a new 300mm CMP process for 3D integration of imagers . 

Á We d evelop ed a new directed self -assembly (DSA) proces s. It can, independent of guide 

density, properly direct alignment , thus relaxing the resolution requirements of the 

lithography process .  

Á We advanced an innovative TEM characterization technique with a sample holder that 

allows in -situ and in -operando use at atomic scale on semiconductor devices.  

Á We incubated a start -up focused on ultra -sensitive and ultra - fast Raman spectroscopy, 

to overcome the limitations of existing analysis techniques (speed, cost, bulky 

equipment, etc.).  

 

This scientific annual report includes additional details about all th ese key achievements, 

which were made possible by  the work of our researchers and technicians. I would like to 

take this opportunity to thank all of them for their constant commitment.  

 
 

Grenoble, April 14, 2015  

Fabrice Geiger, Head of Silicon Technologies Division  
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607 Permanent Staff  

222 Industrial Residents  

147 PhD Students  
37 Post - Docs  

200 & 300mm Platforms for  

CMOS and MEMS  

7,500 m² Clean Rooms  

500 Process Tools  
Continuous Operation  

1 32  Patents Filed in 201 4   

413  Scientific Papers 
Produced in 2014  

16 Common Laboratories  

1 Startup Company  

Created in 2014  
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The silicon divisions  operate 7,500m2 of state -of - the -art cleanroom space divided into 

three platforms, gathering 500 process tools and a combined staff of more than 450; they 

run industry - like operations, 24 hours a day, 7 days a week, all year round.  

Á The Nanotech20 0&300 platform provides 200mm and 300mm CMOS wafer processing, 

which can be applied to both semiconductor and microsystem devices.  

Á The MEMS200 platform produces non -CMOS Micro -ElectroMechanical Systems (MEMS).  

Both platforms are focused on the More than Moore initiative to develop new semiconductor 

capabilities. An innovative cleanroom shuttle system now links the two platforms to add 

process flexibility and faster processing.   

Á The third platform 3D Integration  aims to integrate various microelectronics objects 

together in order to juxtapose complementary functions (such as sensing, storing, 

processing, actuation, communication and energy scavenging) hence providing 

advanced system solutions in 3 dimensions. Thi s line is open to our customers for 

prototyping through the Open3D service.  

Á All research carried out in our cleanrooms benefits from the Nano -Characterization 

Platform, which is located on the MINATEC campus. This platform, unique in Europe, 

covers 8 doma ins of competencies, including electron microscopy, X - ray diffraction, Ion 

Beam analysis, optics, magnetic resonance, scanning probe, surface analysis and 
sample preparation.   


