
TUTORIALS 
 

Saturday, December 8, 2012 
2:45 p.m. – 6:00 p.m. 

 
 
Topics Presented at 2:45 – 4:00 p.m. 
 

1. High Mobility Channel CMOS Transistors – Beyond Silicon, Shinichi Takagi, The University of 
Tokyo 
 
It is well recognized that new device engineering is indispensable in overcoming difficulties of 
advanced CMOS and realizing high performance LSIs under 10 nm regime. Here, the channel 
materials with high mobility and, more essentially, low effective mass, are preferable under 
quasi-ballistic transport expected in ultra-short channel regime. From this viewpoint, Ge and III-
V semiconductor channels such as GaAs, InP, InGaAs, InAs, GaSb etc. have received strong 
attention for high performance CMOS logic applications. Further, MOSFETs using these 
materials must be fabricated on Si substrates in order to utilize Si CMOS platform, meaning the 
necessity of the co-integration of III-V/Ge on Si, which is often called heterogeneous integration. 
In order to meet the requirements of CMOS logic devices in future technology nodes, those 
channels must be ultrathin body structures such as ultrathin films, fin or nano-wire structures, 
combined with thin equivalent oxide thickness (EOT) gate insulators and low resistance 
source/drain (S/D), because of the need for low voltage operation and the suppression of short 
channel effects. The heterogeneous integration is also expected to create novel LSIs or SoCs 
utilizing a variety of device families along the More-than-Moore and the Beyond-CMOS 
direction, like opto-electronic integration and the tunneling FETs. Many technological issues 
need to be solved for realizing Ge/III-V MOSFETs on Si substrates. The critical issues for 
realizing III-V/Ge MOSFETs on the Si platform are listed as follows; (1) high quality Ge/III-V 
film formation on Si substrates (2) gate insulator formation with superior MOS/MIS interface 
quality (3) low resistivity source/ drain (S/D) formation (4) total CMOS integration. This tutorial 
will give the current status and future prospects of the high mobility channel MOSFET 
technologies for future integrated logic circuits with emphasis on the fundamental aspects of 
these semiconductor materials. Possible and viable technological solutions for the above critical 
issues will also be addressed. 
 

2. 2D Semiconductors – Fundamental Science and Device Physics, Ali Javey, University of 
California, Berkeley 
 
Two-dimensional (2-D) semiconductors exhibit excellent device characteristics, as well as novel 
optical, electrical, and optoelectronic characteristics due to the quantum size-effects. In this 
tutorial, I will discuss layer transfer of single crystalline III-V semiconductors and dichalcogenide 
layered semiconductors with nanoscale thicknesses on Si/SiO2 substrates.  The resulting X-on-
insulator (XOI) substrates enable the exploration of a wide-range of device applications, while 
allowing for fundamental exploration of the carrier properties as a function of thickness, without 
the constraints of the original growth substrates.  Through experiments and modeling, the drastic 
role of carrier quantum confinement on contact resistance and carrier transport properties of XOI 
FETs are discussed, while benchmarking the performance of 2D semiconductors devices.   
 

3. Fundamentas of GaN Based High Frequency Power Electronics, Tomas Palacios, Massachusetts 
Institute of Technology 



Power electronics represents 20% of the total electronics industry and it will play a key role in 
reducing the energy consumption in the world. The excellent transport properties of  GaN, in 
combination with its large bandgap, make this semiconductor an ideal material to revolutionize 
power electronics in terms of efficiency and power density. In this Tutorial, I will review  the 
state-of-the-art in GaN power transistors for three different voltage levels: less than 70 V for 
computer power supplies, 200-800 V for direct connection to the power outlet, and more than 
1200 V for electric vehicles and grid-level applications. In addition, I will discuss the new 
opportunities enabled by the close integration of these devices with Si-based electronics. 
 

 
Topics Presented at 4:30 – 6:00 p.m. 
 

4. Scaling Challenges of Analog Electronics at 32nm and Beyond, Mustafa Badaroglu, IMEC, Bram 
Nauta, University of Twente 
 
The first part of the tutorial will focus on device physics and associated challenges for analog 
electronics. Modern CMOS technologies are optimized for digital circuits. More and more 
technology knobs are needed for enablement of advanced digital CMOS such as non planar 
FinFETs. This makes it difficult to assess their design impact, particularly for analog systems 
beyond the 32nm. For analog higher fT, fmax, low 1/f noise and high-quality passives are needed 
for the realization of high performance mobile and SOC applications. In this talk we will go 
through the following topics such as mixed-signal eco-system for mobile applications, Device 
and analog sub-system figure-of-merits for scaling, Compact modeling challenges for advanced 
CMOS, impact of parasitics and transistor pair matching challenges as well as analog sub-system 
demonstrations in FinFETs and planar transistors.  
 
The second half of the tutorial will focus on analog circuits and systems implementation 
techniques overcoming device scaling challenges at future technology nodes. Typical 
performance parameters of digital circuits include: area, power and speed. However Analog 
circuits are required as well to interface with "real world" signals for example coming from all 
kind of sensors, including antennas for wireless applications.  Moreover analog circuits are also 
needed in "pure" digital circuits, such as low-jitter clock generation, supply regulation and high 
speed signaling interconnect. The properties needed for these analog circuits are very different 
from those for digital applications and it has become quite a challenge to design circuits with 
good analog performance in deep nanometer CMOS technologies. The main challenges are the 
low supply voltage, device variability and the low transistor voltage gain. However we do get 
immense switching speed and high density for free when using these technologies. In this tutorial, 
I will discuss new non-conventional circuit architectures for analog circuits have been developed 
that take advantages of these new transistor properties. Examples include thermal noise canceling, 
distortion canceling via polyphase circuits, and N-path switching filters. 
 

 
5. Spintronics for Embedded Non-Volatile Electronics, Tetsuo Endoh, Tohoku University, Arijit 

Raychowdhury, Intel Corporation 
 
The first half of the tutorial is devoted to the fundamental device physics of spin transfer torque-
magnetic RAM (STT-MRAM) and its non-volatile logic applications for ultimate power 
management. The reduction of dynamic power consumption and interconnection delay are major 
targets for future Logic-VLSIs. One needs to suppress static power dissipation due to leakage 
current in nano-CMOS technology while managing active power dissipation and at the same time 
deal with the delay and power consumption caused mainly by global interconnection. To this end, 



fast and sufficiency endurance nonvolatile memory with small footprint is being investigated in 
order to pursue high performance VLSIs that require much less power than the current ones. STT-
MRAM is one such device candidate that is expected to bring a new dimension to the quest. STT 
MRAM offers nonvolatility, small dimension, sufficiency endurance, high tunnel 
magnetoresistance (TMR) ratio, and capability for withstanding back end thermal budget. In this 
tutorial, the basic of MTJ device technology and its trend including its material technology such 
as interface type CoFeB/MgO perpendicular MTJ is discussed. After that, the potential of STT-
MRAM is discussed from view point of post Working Memory such as post-SRAM and post-
DRAM and post High-Speed NVM such as post NOR. The possibility of memory hierarchy 
transformation with STT-MRAM is described. Finally, Nonvolatile Logic technology with using 
MTJ is discussed from the view point of low power and high speed operation. For the 1st 
generation NV-logic technology, NV-F/F type NV-Logic technology with pipeline architecture is 
shown. After that, the Nonvolatile Logic with a logic-in-memory (LiM) architecture is discussed. 
It will be shown that the Nonvolatile Computer System with using both STT-MRAM and NV-
Logic achieves high performance and ultra low power at the same time. 
 
The second half of the tutorial will focus on STT MRAM for embedded memory applications. 
Recent advances in non-volatile spin transfer torque (STT)-RAM technology, which stores data 
by the spin orientation of a soft ferromagnetic material and shows current induced switching, has 
created interest for its use as embedded memory beyond SRAM and eDRAM. In this tutorial, I 
will examine the design space for key magnetic material properties and access transistor needed 
for embedded on-die memory with adequate scalability, density, read/write performance and 
robustness against various intrinsic variabilities and disturbances. The basics of operation, 
important device choices, scalability challenges and data retention at scaled geometries will be 
discussed. 
 

6. Beyond Charge-Based Computing, Kaushik Roy, Purdue University  
 
The trend towards ultra low power logic and low leakage embedded memories for System-On-
Chips, has prompted researcher to consider the possibility of replacing charge as the state variable 
for computation. Recent experiments on spin devices like magnetic tunnel junctions (MTJ's), 
domain wall magnets (DWM) and  spin valves  have led to the possibility of using "spin" as state 
variable for computation, achieving  very high density on-chip memories and ultra low voltage 
logic. High density of memories can be exploited to develop memory-centric reconfigurable 
computing fabrics that provide significant improvements in energy efficiency and reliability 
compared to conventional FPGAs. While the possibility of having on-chip spin transfer torque 
memories is close to reality, several questions still exist regarding the energy benefits of spin as 
the state variable for logic computation.  Latest experiments on lateral spin valves (LSV) have 
shown switching of nano-magnets using spin-polarized current injection through a metallic 
channel such as Cu. Such lateral spin valves having multiple input magnets connected to an 
output magnet using metal channels can be used to mimic "neurons". The spin-based neurons can 
be integrated with CMOS and other devices like Phase change memories to realize ultra low-
power data processing hardware based on neural networks, and are suitable for different classes 
of applications like, cognitive computing, programmable Boolean logic and analog and digital 
signal processing. Note, for some of these applications, CMOS technologies may not be suitable 
for ultra low power implementation. In this talk I will first discuss the advantages of using spin 
(as opposed to charge) as state variable for both memory and logic and then present how a 
cellular array of magneto-metallic devices, operating at terminal voltages ~20mV, can do 
efficient hybrid digital/analog computation for applications such as cognitive computing. Finally, 
I will consider recent advances in other non-charge based computing paradigm such as magnetic 
quantum cellular automata. 



SHORT COURSE 
 

Emerging Technologies for post 14nm CMOS 
 

Sunday, December 9, 2012 
9:00 a.m. – 5:30 p.m. 

 
Course Organizer:  Wilfried Haensch, IBM, Watson Research Center  
 
Scaling the dimension was the key for the unprecedented success of the development of IC circuits for the 
last several decades. It now becomes apparent that scaling will become increasingly difficult due to 
fundamental physical limits that we are approaching with respect to power and performance trade-offs. 
This short course will give an overview of several aspects in this “end-of-scaling” scenario. Beginning 
with a presentation on technology optimization we will deal with the question: what are the technology 
trade-offs to build an optimal system at a given power performance point. The discussions will include 
how variability will change the traditional scaling approach at low power applications and how increased 
parallelism is useful in the high performance space. The utilization of FPGAs in the ASIC space is 
appealing due to low development cost and quick time to market. The switching fabric however requires 
large overhead and real estate and power. Integration of switches in the BEOL of the conventional CMOS 
flow offers the possibility to significantly reduce this overhead. The second presentation will describe the 
switch technology and its impact on ASIC circuits with respect to power and performance. The third 
presentation will address issues related to the data flow in a system. Due to a finite number of electrical 
connections it becomes increasingly pore difficult to move data at the required data rate from one part of a 
system to another. This situation is aggravated by the implementation of higher parallelism on chip and 
module. Moving from electrical to optical signaling is considered to open up the bottlenecks for the 
required data flow.  The presentation will discuss the state-of-art of silicon photonics and its penetration 
into the different levels of the system.  The fourth contribution of this short course is dedicated to the 
problem of patterning. It will address advanced patterning methods for conventional emersion lithography 
that might take us to the 7 nm node. The current status of the entire infrastructure for the EUV lithography 
and its prospects for becoming the technology of choice for the 10 or 7 nm nodes will be discussed. Also 
included in this presentation is an outlook on none lithographic patterning methods such as directed self-
assembly. We finish the course with a peek over the horizon to find out what the future might hold for 
possible device solutions. This part of the course will provide a glimpse into the research activities on 
alternative devices. It will touch on the basic operation principles of several classes of new devices and 
how they create challenges and opportunities for our industry. 
 
 
Introduction and Overview 
Organizer:  Wilfried Haensch, IBM, Watson Research Center 
 
Technology Optimization for High Energy Efficient Computation 
Instructor: Leland Chang, IBM 
 

• Limitations of traditional scaling.  
• Change of scaling paradigm for energy efficient computation. 
• Multi-variable optimization of technology parameters. 
• Impact of process variability on technology optimization. 
 

 
 



 
 
 
Active Switching Elements in the Back-End-of Line for Low Power Logic Solutions 
Instructor:  Toshitsugu Sakamoto, NEC/LEAP 
 

• Overview of FPGA and shortcomings in area and power efficiency. 
• Introduce non-volatile “atom switch” in BEOL to close performance gap. 
• Integration into a Si base technology. 
• Applications for power efficient computation. 
 

Optical Interconnects 
Instructor:  Ian White, Cambridge, UK 

• The connectivity problem. 
• How can optical  
•  help? 
• Technology solution for optical connectivity. 

 
Advanced Patterning Methods 
Instructor:  Andrzej Strojwas, Carnegie Mellon University 

• Leaving conventional projection lithography behind?  
• Challenges for 10 and 7nm design rules. 
• Directed self-assembly: lines/spaces, contact/via arrays 
• Massively paralleled E-beam techniques. 
• EUV lithography. 
• Exotic techniques: nano-imprint, interference lithography. 
• Bench mark techniques by cost and by technology/product class. 

 
Nanoelectronic Device Research for Beyond-CMOS Technologies 
Instructor: An Chen, GLOBALFOUNDRIES 
 

• What are the exotic device ideas? Review in terms of operation and application. 
• Benchmark against CMOS in terms of energy delay and special features i.e., non-volatility. 
• How can they be integrated into the Si eco system? (interconnect, state variable conversion). 
• Emerging devices in CMOS platform as hardware accelerators. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
SHORT COURSE 

Circuits and Technology Interaction 
 

Sunday, December 9, 2012 
9:00 a.m. – 5:30 p.m. 

 
Course Organizer:  Kenneth K. O, University of Texas, Dallas 
 
This course will first highlight technical trends and challenges for key application areas of silicon 
integrated circuits industry (high performance microprocessors, integrated systems for mobile devices, 
integrated power electronics, and memory) as well as for design for manufacturability in support of these 
application areas. More importantly, this course will examine how the challenges are addressed at circuit, 
technology and systems level. The course will explore how a choice in one level can affect performance 
and choices in the others, as well as how solutions have evolved. An example topic among many is how 
the migration of to the multi-core architecture is affected by technology evolution and how the migration 
has impacted the subsequent transistor and interconnect development. The second example is the system 
requirements that have driven the strain engineering, and high-k dielectric and metal gate technology, as 
well as how these are impacting circuit design for high performance microprocessors and system 
integration for mobile devices. Another example is how the use of chemical mechanical polishing affects 
the parasitic capacitance and RF passive and circuit performance.  
 
 
Introduction and Overview 
Organizer:  Kenneth K. O, U. of Texas, Dallas, Texas Analog Center of Excellence 
 
High Performance Microprocessors 
Instructor:  Greg Taylor, Intel Corp. 

• Technology trend and key challenges. 
• Underlying system/application requirements. 
• Interaction between circuit design and technology: transistor, interconnects, packaging. 

 
Integrated Systems for Mobile Applications 
Instructor:  Franck Arnaud, STMicroelectronics 

• Technology trend and key challenges. 
• Underlying system/application requirements. 
• Interaction between circuit design and technology: SOC versus multiple chip module, transistor 

and interconnect design, passive devices, on-chip passive versus integrated passive devices. 
 
Issues and Challenges of Integrating Highly Efficient Power Electronics in nm CMOS 
Instructor:  Keith Kunz, Texas Instruments Inc., India, Kilby R&D Labs 

• New challenges with Power Electronic integration for sensor node and low power MCU 
solutions.  

• Overcoming the weakest link for total integration of power electronics: Power FET.Circuit design 
techniques and Passive integration to mitigate the new challenges. 

• Role of GaN, SiC and the challenge it poses to Silicon. 
 
 
 



 
Memory 
Instructor:  Jai-Hoon Sim, SK Hynix, Research Fellow 

• SRAM, DRAM and eDRAM. 
• Technology trend and key challenges. 
• Underlying system/application requirements. 
• Interaction between circuit design and technology: cells, interconnection, transistors, low voltage 

operation, die stacking. 
 

Design for Manufacturing   
Instructor:  Sani Nassif, IBM 

• Interaction between circuit design and technology: variability (dopant, CD, thickness, edge 
roughness, composition, strain), Electromigration, lithography (OPC, grid, dummy gate & 
rotation), reliability, dummy fills, slots. 

 
  



Plenary Session 
 

Monday, December 10, 9:00 a.m. 
Grand Ballroom B 
 

Welcome and Awards 
 

General Chair: Veena Misra, North Carolina State University 
 

Invited Papers 
 

Technical Program Chair: Tahir Ghani, Intel Corporation 
 
1.1 Bio-Integrated Electronics, John Rogers, University of Illinois at Urbana-Champaign 
 
Biology is curved, soft and elastic; silicon wafers are not.  Semiconductor technologies that can bridge 
this gap in form and mechanics will create new opportunities in devices that require intimate integration 
with the human body.  This talk describes the development of ideas for electronics, sensors and actuators 
that offer the performance of state-of-the-art, wafer-based systems but with the mechanical properties of a 
rubber band.  We explain the underlying materials science and mechanics of these approaches, and 
illustrate their use in bio-integrated, ‘tissue-like’ devices with unique diagnostic and therapeutic 
capabilities, when conformally laminated onto the heart, brain or skin.  Demonstrations in animal models 
and in humans illustrate the diverse functionality offered by these technologies, and suggest several 
clinically relevant applications. 
 
1.2 State of the Art and Future Prospective in Display Industry,   Joo-Tae Moon, Samsung 

Display Company 
 
The vision of displays is the hyper-realistic regeneration of the indirect experience.  There are two parts 
which satisfy this vision. One is the picture quality and the other is design of the display.    From picture 
quality point of view, bigger screen size and higher pixel density are the main factors.  The need for a 
bigger screen size requires expediting technologies with lower RC delay and higher transistor 
performance.  Higher pixel density mandates a smaller unit pixel area and each unit pixel has the dead 
space for the transistor and metal line which is protected from the light by the black matrix. Clearly, the 
design factor is the one of the main driving forces for the changes from CRT era to flat panel display era.   
  
1.3 Ultimate Device Technologies, Core of a Sustainable Society, Luc van den Hove, IMEC 
 
Several key societal challenges in domains such as healthcare, energy, urbanization and mobility call for 
sustainable solutions that can be enabled by combining various technologies. These solutions will be 
backboned by wireless sensor systems, smart mobile devices and huge data centers and servers, the key 
constituents of a new information universe. They will require extreme computation and storage 
capabilities, bound by (ultra)low-power or heat dissipation constraints, depending on the application. This 
drives the need to keep on scaling transistor technologies by tuning the three technology knobs: 
power/performance, area and cost. To get to ultra-small dimensions, advanced patterning integration, new 
materials such as high-mobility Ge and III-V materials, and new device architectures such as fully 
depleted devices are being introduced. This comes along with an increasing need for process complexity 
reduction and variability control. Equally important are the continued R&D efforts in scaling memory 
technologies. NAND Flash, DRAM and SRAM memories are now approaching the point where new 
scaling constraints force exploration of new materials, cell architectures and even new memory concepts. 



This opens opportunities for resistance based memories such as resistive RAM, phase-change RAM or 
spin-torque transfer magneto resistive RAM. 
  
Session 2: Memory Technology - NAND Flash and RRAM II 
Monday, December 10, 1:30 p.m. 
Grand Ballroom A 
Co-Chairs: Sung Kye. Park, SK Hynix Inc. 

Riichiro Shirota, National Chao-Tung University 
 
1:30 p.m.  
Introduction 
 
1:35 p.m. 
2.1 Scaling Directions for 2D and 3D NAND Cells (Invited), A. Goda, K. Parat*, Micron 
Technology, *Intel Corporation 
 
This paper describes scaling direction for NAND cell. Many 2D NAND scaling challenges are addressed 
by a planar floating gate cell which has a smaller aspect ratio and cell to cell interference. Key technology 
requirements for 3D NAND are also discussed from the perspective of effective and physical feature 
sizes. 
 
 
2:00 p.m. 
2.2 Ultra Thin Hybrid Floating Gate and High-k Dielectric as IGD Enabler of Highly Scaled 
Planar NAND Flash Technology, G.S. Kar, L. Breuil, P. Blomme, H. Hody, S. Locorotondo, N. Jossart, 
O. Richard, H. Bender, G. Van den Bosch, I. Debusschere, J. Van Houdt, imec 
 
For the first time we demonstrate ultra-thin hybrid floating gate (HFG) planar NVM cell performance and 
reliability. Results not only confirm the high potential of the HFG thickness scaling down to 4 nm with 
improved program performance, but also show excellent post cycling data retention and P/E cycling 
endurance.The optimized ultra-thin HFG planar cells show potential for manufacture and scalability for 
high density memory application. 
 
 
2:25 p.m. 
2.3 A Highly Scalable 8-layer Vertical Gate 3D NAND with Split-page Bit Line Layout and 
Efficient Binary-sum MiLC (Minimal Incremental Layer Cost) Staircase Contacts, S.H. Chen, H.T. 
Lue, Y.H. Shih, C.F. Chen, T.H. Hsu, Y.R. Chen, Y.H. Hsiao, S.C. Huang, K.P. Chang, C.C. Hsieh, G.R. 
Lee, A.T.H. Chuang, C.W. Hu, C.J. Chiou, L.Y. Lin, H.J. Lee, F.N. Tsai, C.C. Yang, T. Yang, C.-Y. Lu, 
Macronix International Co., Ltd. 
 
We demonstrate an 8-layer 3D Vertical Gate NAND Flash with WL half pitch=37.5nm, BL half 
pitch=75nm, 64-WL NAND string with 63% array core efficiency. This is the first time that a 3D NAND 
Flash can be successfully scaled to below 3Xnm half pitch in one lateral dimension, thus an 8-layer stack 
device already provides a very cost effective technology with lower cost than the conventional sub-20nm 
2D NAND. Our new VG architecture has two key features: (1) To improve the manufacturability a new 
layout that twists the even/odd BL’s (and pages) in the opposite direction (split-page BL) is adopted. This 
allows the island-gate SSL devices [1] and metal interconnections be laid out in double pitch, creating 
much larger process window for BL pitch scaling; (2) A novel staircase BL contact formation method 
using binary sum of only M lithography and etching steps to achieve 2M contacts. This not only allows 
precise landing of the tight-pitch staircase contacts, but also minimizes the process steps and cost. We 



have successfully fabricated an 8-layer array using TFT BE-SONOS charge-trapping device. The array 
characteristics including reading, programming, inhibit, and block erase are demonstrated. 
 
 
2:50 p.m. 
2.4 Origin of Transient Vth Shift After Erase and Its Impact on 2D/3D Structure Charge Trap 
Flash Memory Cell Operations, J.K. Park, D.-I. Moon, Y.-K. Choi, S.-H. Lee, K.-H. Lee*, S.H. Pyi*, 
B.J. Cho, KAIST, KAIST, *SK Hynix Semiconductor Inc. 
 
The mechanism of transient Vth shift after erase is studied in detail. It is concluded that the main 
mechanism is hole redistribution in the charge trap layer. A new erase scheme is proposed and 
demonstrated to reduce transient Vth shift. The impact of transient Vth shift on the 3D charge trap device 
is investigated, as well. 
 
3:15 p.m. 
2.5 A New Erase Saturation Issue in Cylindrical Junction-Less Charge-Trap Memory Arrays, 
A. Maconi, C. Monzio Compagnoni, A.S. Spinelli, A.L. Lacaita, Politecnico di Milano 
 
We show that the cylindrical geometry originates a new erase saturation issue in junction-less NAND 
strings, coming from the inability to properly induce an inversion layer in the inter-cell regions. The 
dependence on string parameters is investigated, showing that shortening the inter-cell regions may 
relieve it, but originating a trade-off against the constraints raised by the lateral diffusion of electrons in 
the nitride layer during data retention. This trade-off can be managed only by strings with large substrate 
radius, while smaller radii can hardly find acceptable solutions. 
 
 
3:40 p.m. 
2.6 Highly-Scalable Threshold Switching Select Device Based on Chalcogenide Glasses for 3D 
Nanoscale Memory Arrays, M.-J. Lee, D. Lee, H. Kim, H.-S. Choi, J.-B. Park, H.G. Kim, Y.-K. Cha, U-
I. Chung, I.-K. Yoo, K. Kim, Samsung Advanced Institute of Technology 
 
We present here on a switch device made of a N2 treated-chalcogenide glass or chalconitride for 
application in nanoscale array circuits. Despite good switching characteristics, AsTeGeSi-based switches 
have had key issues with reliability at a high temperature to apply resistive memory. This is usually due to 
a change in a Te concentration. However, our chalconitride switches (AsTeGeSiN) show high 
temperature stability as well as high current density over 1.1x107A/cm2 at 30 x 30(nm)2 cell. A cycling 
performance of the switch was over 108 times. In addition, we demonstrate 1 switch-1 resistor (1S-1R) 
operation using a TaOx resistance memory with the AsTeGeSiN select device. 
 
 
4:05 p.m. 
2.7 Sub-30nm Scaling and High-Speed Operation of Fully-Confined Access-Devices for 3D 
Crosspoint Memory Based on Mixed-Ionic-Electronic-Conduction (MIEC) Materials, K. Virwani, 
G. W. Burr, R.S. Shenoy, C.T. Rettner, A. Padilla, T. Topuria, P.M. Rice, G. Ho*, R.S. King, K. Nguyen, 
A. N. Bowers, M. Jurich, M. BrightSky*, E.A. Joseph*, A.J. Kellock, N. Arellano, B.N. Kurdi, K. 
Gopalakrishnan*, IBM Almaden Research Center, *IBM T.J. Watson Research Center 
 
BEOL-friendly Access Devices (AD) based on Cu-containing MIEC materials are shown to scale to the 
<30nm CDs and the <12nm thicknesses found in advanced technology nodes. Switching speeds at the 
high (>100uA) currents of NVM writes can reach 15ns; NVM reads at typical (∼5uA) current levels can 
be ≪1usec. 



 
 
4:30 p.m. 
2.8 Threshold Vacuum Switch (TVS) on 3D-Stackable and 4F2 Cross-Point Bipolar and 
Unipolar Resistive Random Access Memory, C.H. Ho, H.-H. Huang*, M.-T. Lee, C.-L. Hsu, T.-Y. Lai, 
W.-C. Chiu, M.-Y. Lee, T.-H. Chou, I. Yang, M.-C. Chen, C.-S. Wu, K.-H. Chiang**, Y.-D. Yao*, C. 
Hu***, F.-L. Yang, National Nano Device Laboratories, *National Chiao Tung University, **Chung 
Yuan Christian University, ***University of California, Berkeley 
 
A 3D stackable and bidirectional Threshold Vacuum Switching (TVS) selector using the same WOx 
material as the RRAM element is reported. It provides the highest reported current density of >108 A/cm2 
and the highest selectivity of >105. Stress test at high current density indicates >108 cycle capability for 
Reset/Set operation. A mechanism based on recombination of oxygen-ions and vacancies is proposed for 
the observed volatile switching of TVS. Utilizing the threshold characteristics of the TVS selector, a two-
step reading waveform offers potential for 3D-stackable and 4F2 cross-point RRAM applications. 
 
Session 3: Circuit and Device Interaction  - CMOS Platform Technology 
Monday, December 10, 1:30 p.m. 
Grand Ballroom B 
Co-Chairs: Emmanuel Josse, STMicroelectronics 
  Kazuhiko Endo, AIST 
 
1:30 p.m. 
Introduction 
 
1:35 p.m. 
3.1 A 22nm SoC Platform Technology Featuring 3-D Tri-Gate and High-k/Metal Gate, 
Optimized for Ultra Low Power, High Performance and High Density SoC Applications, C.-H. Jan, 
U. Bhattacharya, R. Brain, S.-J. Choi, G. Curello, G. Gupta, W. Hafez, M. Jang, M. Kang, K. Komeyli, T. 
Leo, N. Nidhi, L. Pan, J. Park, K. Phoa, A. Rahman, C. Staus, H. Tashiro, C. Tsai, P. Vandervoorn, L. 
Yang, J.-Y. Yeh, P. Bai, Intel Corporation 
 
A leading edge 22nm 3-D tri-gate transistor technology has been optimized for low power SoC products 
for the first time.   Low standby power and high voltage transistors exploiting the superior short channel 
control, < 65 mV/dec sub-threshold slope and < 40 mV DIBL,  of the tri-gate architecture have been 
fabricated concurrently with high speed logic transistors in a single SoC chip to achieve industry leading 
drive currents at record low leakage levels. NMOS/PMOS Idsat=0.41/0.37 mA/um at 30pA/um Ioff, 
0.75V, were used to build a low standby power 380Mb SRAM capable of operating at 2.6GHz with 
10pA/cell standby leakages. This technology offers mix-and-match flexibility for transistors, high-density 
interconnects, and RF/ mixed-signal features for leadership mobile, handheld, wireless and embedded 
SoC products. 
 
 
2:00 p.m. 
3.2 Switching Energy Efficiency Optimization for Advanced CPU Thanks to UTBB 
Technology, F. Arnaud, N. Planes, S. Haendler, P. Flatresse, F. Nyer, STMicroelectronics 
 
This paper presents the superior performance of UTBB (Ultra-Thin Box and Body) technology for 
providing high speed at low voltage. We evidence the transistor capability to sustain full forward-body-
biasing solution thanks to a planar back-side gate scheme. Silicon measurements on low complexity 
circuits show that the dynamic power consumption can be reduced by 90% without any speed degradation 



by simply selecting the appropriate power supply and body bias couple (Vdd ; Vbb). A simple switching 
energy efficiency model is then proposed allowing the (Vdd ; Vbb)  couple prediction reaching the 
minimum energy point. Finally, we demonstrate on a full CPU Core implementation with UTBB a total 
power reduction of -30% and a +40% energy efficiency at identical speed with respect to bulk technology 
thanks to back side gate biasing efficiency. 
 
 
2:25 p.m. 
3.3 22nm High-Performance SOI Technology Featuring Dual-Embedded Stressors, Epi-Plate 
High-K Deep-Trench Embedded DRAM and Self-Aligned Via 15LM BEOL, S. Narasimha, P. 
Chang, C. Ortolland, D. Fried, E. Engbrecht, K. Nummy, P. Parries, T. Ando*, M. Aquilino, N. Arnold, 
R. Bolam**, J. Cai*, M. Chudzik, B. Cipriany, G. Costrini, M. Dai, J. Dechene, C. DeWan, B. Engel, M. 
Gribelyuk, D. Guo*, G. Han, N. Habib, J. Holt, D. Ioannou**, B. Jagannathan, D. Jaeger, J. Johnson, W. 
Kong, J. Koshy, R. Krishnan, A. Kumar*, M. Kumar, J. Lee, X. Li, C.-H. Lin*, B. Linder*, S. Lucarini, 
N. Lustig, P. Mclaughlin, K. Onishi, V. Ontalus, R. Robison, C. Sheraw, M. Stoker, A. Thomas, G. 
Wang, R. Wise, L. Zhuang, G. Freeman, J. Gill, E. Maciejewski, R. Malik, J. Norum, P. Agnello, IBM 
Semiconductor Research and Development Center, *IBM T.J. Watson Research Center, **IBM 
Microelectronics Divsion 
 
We present a fully-integrated SOI CMOS 22nm technology for a diverse array of high-performance 
applications including server and gaming microprocessors, memory controllers and ASICs.  A predoped 
substrate enables scaling of this 3rd generation of SOI deep-trench-based embedded DRAM for a dense 
high-performance memory hierarchy.  Dual-embedded stressor technology including SiGe and Si:C for 
improved carrier mobility in both PMOS and NMOS FETs is presented for the first time.  A hierarchical 
BEOL with 15 levels of copper interconnect including self-aligned via processing delivers high 
performance with exceptional reliability. 
 
2:50 p.m. 
3.4 Ultra Low Power Design and Future Device Interactions (Invited), A. Amerasekera, C. 
Bittlestone, Texas Instruments Inc.  
 
We present the interactions between the process technology and the design that set the requirements for 
ultra low power and mixed signal circuits and chips that form the basis of the next generations of 
semiconductor applications. 
 
3:15 p.m. 
3.5 Comprehensive Extensibility of 20nm Low Power/ High Performance Technology Platform 
Featuring Scalable High-k/Metal Gate Planar Transistors with Reduced Design Corner, H. 
Fukutome, K. Cheon, J.P. Kim, J.C. Kim, J. Lee, S. Cha, U. Roh, S. Kwon, D. Sohn, S. Maeda, Samsung 
Electronics Co. Ltd. 
 
Extensibility of HK/MG planar devices beyond 20nm node with high performance, low power 
consumption, less layout dependence and suppressed local variability was comprehensively studied for 
the first time. We demonstrated N-/PFET Idsat of 1.45/1.3mA/µm with the Ioff of 100nA/µm for Vdd of 
0.9V by scaling down gate width to 60nm. 
 
 
3:40 p.m. 
3.6 UTBB FDSOI Transistors with Dual STI for a Multi-Vt Strategy at 20nm Node and Below, 
L. Grenouillet, M. Vinet, J. Gimbert*, B. Giraud, J.P. Noël*, Q. Liu*, P. Khare*, M.A. Jaud, Y. Le Tiec, 
R. Wacquez, T. Levin**, P. Rivallin, S. Holmes**, S. Liu**, K.J. Chen**, O. Rozeau, P. Scheiblin, E. 



McLellan**, M. Malley**, J. Guilford**, A. Upham**, R. Johnson**, M. Hargrove***, T. Hook**, S. 
Schmitz**, S. Mehta**, J. Kuss**, N. Loubet*, S. Teehan**, M. Terrizzi**, S. Ponoth**, K. Cheng**, T. 
Nagumo^, A. Khakifirooz**, F. Monsieur*, P. Kulkarni**, R. Conte**, J. Demarest**, O. Faynot, W. 
Kleemeier*, S. Luning***, B. Doris**, CEA-LETI, *STMicroelectronics, **IBM, 
***GLOBALFOUNDRIES, ^Renesas 
 
A new and innovative back gate architecture for UTBB devices is presented called dual STI. We 
demonstrate in 20nm ground rules that this architecture enables a full use of the back bias (400mV Vt 
tuning) and is compatible with a standard bulk design/technology and standard SOI substrates. 
 
 
Session 4: Nano Device Technology - Graphene and Low-Dimensional Devices 
Monday, December 10, 1:30 p.m. 
Continental Ballroom 4 
Co-Chairs: Kanji Yoh, Hokkaido University 
  Taichi Otsuji, Tohoku University 
 
1:30 p.m. 
Introduction 
 
1:35 p.m. 
4.1 Intrinsic Graphene/Metal Contact (Invited), K. Nagashio, R. Ifuku, T. Moriyama, T. 
Nishimura, A. Toriumi, University of Tokyo 
 
This paper presents our recent understanding of metal/graphene contact in terms of intrinsic interface 
obtained from the comparison between resist-free and conventional EB processes, and discusses future 
challenges to reduce the contact resistivity. 
 
 
2:00 p.m. 
4.2 Electrostatically-Reversible Polarity of Dual-Gated Graphene Transistors with He Ion 
Irradiated Channel: Toward Reconfigurable CMOS Applications, S. Nakaharai, T. Iijima, S. Ogawa, 
S. Suzuki, K. Tsukagoshi*, S. Sato, N. Yokoyama, AIST, *NIMS 
 
A graphene channel irradiated with He ion beams was found to have a transport gap up to 380 meV, and 
novel dual-gated transistors with an on-off ratio of 1000 were fabricated. The polarity of the transistor is 
electrostatically reversible by the gate bias of one of the dual gates. 
 
 
2:25 p.m. 
4.3 Record High Conversion Gain Ambipolar Graphene Mixer at 10GHz Using Scaled Gate 
Oxide, H. Madan, M.J. Hollander, M. LaBella, R. Cavalero, D. Snyder, J.A. Robinson, S. Datta, 
Pennsylvania State University 
 
This work presents a detailed study of the graphene RF mixer, comparing ambipolar and drain mixing for 
the first time. Output characteristics of the graphene transistor are analyzed and the effects of device 
scaling and interface state density on mixer performance are explained.  We design a graphene RF 
transistor with gate length 750 nm, width 20 μm, and equivalent oxide thickness (EOT) ~2.5 nm to 
achieve record high conversion gain of -14 and -16 dB at LO power 0 dBm at 4.2 and 10 GHz, 
respectively, 100x higher than previously reported ambipolar mixing. 
 



 
2:50 p.m. 
4.4 Optimized Spin Relaxation Length in Few Layer Graphene at Room Temperature, Y. Gao, 
Y. Kubo, C.-C. Lin, Z. Chen, J. Appenzeller, Purdue University 
 
For the first time, a spin relaxation length (λS) of 5µm is measured in few layer graphene at room 
temperature – a critical accomplishment considering the recent interest in spin-based devices for low 
power applications. Optimum performance is demonstrated for ~7-layer graphene.  Moreover,  4x 
increase of λS is observed at 77K. 
 
 
3:15 p.m. 
4.5 Scalable and Fully Self-Aligned n-Type Carbon Nanotube Transistors with Gate-All-
Around, A. Franklin, S. Koswatta, D. Farmer, G. Tulevski, J. Smith, H. Miyazoe, W. Haensch, IBM T.J. 
Watson Research Center 
 
The era of scaling silicon field-effect transistors (FETs) to ever-smaller dimensions is coming to a close.  
Meanwhile, carbon nanotube (CNT) FETs have been experimentally shown to provide superb low-
voltage performance with channel lengths scaled into the sub-10 nm regime.  However, while proven to 
be aggressively scalable, CNTFETs typically employ impractical gate geometries.  Here we demonstrate 
fully self-aligned CNTFETs that include a gate-all-around (GAA) the nanotube channels—the ideal gate 
geometry for a 1D CNT.  These GAA-CNTFETs have 30 nm channel lengths and exhibit n-type 
operation with high on-currents and good switching behavior that is explained by quantum transport 
(NEGF) simulations.  This work is an important milestone that not only provides the ideal gate geometry 
for CNTs, but also shows that a technologically relevant self-aligned device can be realized. 
 
 
3:40 p.m. 
4.6 Large-Scale 2D Electronics Based on Single-layer MoS2 Grown by Chemical Vapor 
Deposition, H. Wang, L. Yu, Y.-H. Lee, W. Fang, A. Hsu, P. Herring, M. Chin*, M. Dubey*, L.-J. Li**, 
J. Kong, T. Palacios, Massachusetts Institute of Technology, *United States Army Research Laboratory, 
**Institute of Atmoic and Molecular Sciences 
 
2D nanoelectronics based on single-layer MoS2 offers great advantages for both conventional and 
ubiquitous applications. This paper discusses the large-scale CVD growth of single-layer MoS2 and 
fabrication of devices and circuits for the first time. Both digital and analog circuits are fabricated to 
demonstrate its capability for mixed-signal applications. 
 
 
Session 5: Displays, Sensors, and MEMS - Flexible Electronics 
Monday, December 10, 1:30 p.m. 
Continental Ballroom 5 
Co-Chairs: Jerzy Kanicki, University of Michigan 
  Arokia Nathan, University of Cambridge 
 
1:35 p.m. 
5.1 Advanced Flexible CMOS Integrated Circuits on Plastic Enabled by Controlled Spalling 
Technology, D. Shahrjerdi, S. Bedell, A. Khakifirooz*, K. Fogel, P. Lauro, K. Cheng*, J. Ott, M. 
Gaynes, D. Sadana, IBM T.J. Watson Research Center, *IBM Research 
 



We present mechanically flexible CMOS circuits on plastic with contacted gate pitch of 100nm and 
silicon body thickness of 6nm. Our novel layer transfer technique called “controlled spalling” is 
employed as a simple, low-cost and manufacturable approach to separate the finished CMOS circuits 
from the host substrate. 
 
 
2:00 p.m. 
5.2 Flexible a-IGZO TFT Amplifier Fabricated on a Free Standing Polyimide Foil Operating at 
1.2 MHz While Bent to a Radius of 5 mm, N. Muenzenrieder, L. Petti, C. Zysset, G.A. Salvatore, T. 
Kinkeldei, C. Perumal*, C. Carta*, F. Ellinger*, G. Troester, Swiss Federal Institute of Technology, 
*Dresden University of Technology 
 
Flexible common source and cascode amplifiers are fabricated on a free-standing plastic foil, using 
amorphous-In-Ga-Zn-O TFTs with minimum channel lengths of 2.5 µm. Cutoff frequencies of 1.2 MHz 
and gains of ≈7dB are measured for amplifiers bent to a 5 mm radius, and after 1000 cycles of bending 
and re-flattening. 
 
 
2:25 p.m. 
5.3 Multi-Bit-per-Cell a-IGZO TFT Resistive-Switching Memory for System-on-Plastic 
Applications, S.-C. Wu, H.-T. Feng, M.-J. Yu, I.-T. Wang, T.-H. Hou, National Chiao Tung University 
 
We reported a novel flexible nonvolatile memory using complete logic-compatible a-IGZO TFTs 
fabricated at room temperature. The memory device utilized localized and independent resistive-
switching for high-density two-bit-per-cell and multi-bit-per-cell operations. Combining low-temperature 
fabrication, low-cost integration, high bit-density, and excellent flexible memory characteristics, this 
device shows promise for future system-on-plastic applications. 
 
 
2:50 p.m. 
5.4 Ultra Flexible Pseudo-Lamb Wave RF Resonators Based on ZnO/PI and AlN/PI Structures, 
C.J. Zhou, Y. Yang, Y. Shu, C.H. Zhang, H. Tian, Z.H. Zhang, D. Xie, T.L Ren, J. Zhou*, B. Feng*, H. 
Jin*, S.R. Dong*, Tsinghua University, *Zhejiang University 
 
A novel structure has been proposed to implement ultra flexible high-performance pseudo-lamb wave RF 
resonators for the first time. The experimental results are in good agreement with the FEM simulation and 
theoretical calculations. Flexible resonators withcenter frequencies up to 800MHz and high Q-factors up 
to 1000 have been obtained. 
 
 
3:15 p.m. 
5.5 Multilayer Transition-Metal Dichalcogenide Channel Thin-Film Transistors, E.S. Kim, S. 
Kim*, Y.S. Lee*, S.Y. Lee, S. Lee, W. Choi**,  H. Peelaers***, C. Van de Walle***, W.-S. Hwang^, T. 
Kosel^, D. Jena^, Samsung Electronics, *Kyung Hee University, **Kookmin University, ***University 
of California, Santa Barbara, ^University of Notre Dame 
 
We show that multilayered transition metal dichalcogenides such as multilayer MoS2 presents a 
compelling case for TFTs for large-area display technology.  Through a combined structural, optical, and 
electronic characterization of multilayer MoS2 TFTs, supported by DFT bandstructure calculations, we 
show the inherently attractive properties of these materials for such applications.  We find that the current 
modulation of such devices is high, the current saturation is robust, normally-off operation is feasible, 



effective field-effect mobility at RT exceeds 100 cm2/V.s, and the channel can be operated in both 
accumulation and inversion modes.  These properties make multilayer MoS2 more feasible than single 
layer versions to maintain processing robustness. 
 
3:40 p.m. 
5.6 High Mobility Zinc Oxynitride-TFT with Operation Stability Under Light-Illuminated 
Bias-Stress Conditions for Large Area and High Resolution Display Applications, M. Ryu, T.S. Kim, 
K.S. Son, H.-S. Kim, J. S. Park, J.-B. Seon, S.-J. Seo, S.-J. Kim, E. Lee, H. Lee, S.H. Jeon*, S. Han*, 
S.Y. Lee, Samsung Advanced Institute of Technology, *Seoul National University 
 
In spite of the successful achievement of oxide-semiconductor (OS) technology in recent years, stability 
degradation especially at high mobility regime limits the application of oxide semiconductors in next 
generation displays. According to previous works, the instability is closely related to oxygen vacancies 
(Vo) causing persistent photoconductivity (PPC) [1,2]. From this point of view, zinc oxynitride 
(ZnON)[3] with small bandgap (1.3 eV) and high intrinsic mobility is attractive to overcome the 
performance issues of OS. In this paper, we report on ZnON-thin film transistors (TFTs) with field effect 
mobility near 100 cm2/Vs and operation stability (< 3 V) under light-illumination bias-stress. Our results 
demonstrate that ZnON-TFTs are strong candidates for pixel switching devices in ultra-high definition 
and large area displays. 
 
Session 6: Modeling and Simulation - Energy, MEMS, MOS Scalability, and TFETs 
Monday, December, 10, 1:30 p.m. 
Continental Ballroom 7-9 
Co-Chairs: Yiming Li, National Chiao Tung University 
  Zhiping Yu, Tsinghua University 
 
Introduction 
1:30 p.m. 
 
1:35 p.m. 
6.1 50% Efficiency Intermediate Band Solar Cell Design Using Highly Periodical Silicon 
Nanodisk Array, W. Hu, M. Igarashi, M.-Y. Lee*, Y. Li*, S. Samukawa, Tohoku University, *National 
Chiao Tung University 
 
3D finite element method is developed to calculate energy band structure, optical and electrical 
properties, and IBSC operation for the realistic structure. Miniband formation enhances optical and 
electrical collection. Limiting efficiency of Si nanodisk superlattice is 50.3%, which is promising, 
compared with complicated Si tandem solar cells. 
 
 
2:00 p.m. 
6.2 Scaling Rules of Piezoelectric Nanowires in View of Sensor and Energy Harvester 
Integration, R. Hinchet, J. Ferreira*, J. Keraudy, G. Ardila, E. Pauliac-Vaujour*, M. Mouis, L. Montès, 
IMEP-LAHC, MINATEC, *CEA-LETI 
 
We present the first modeling of an ensemble of piezoelectric nanowires accounting for non-linear effects 
and experimental diameter distribution. Their scaling rules are discusted in terms of the figures of merit of 
sensors and mechanical energy harvesters, in different regimes of operation (pressure force or bending 
mode). 
 
 



2:25 p.m. 
6.3 A Multi-Physics Simulation Technique for Integrated MEMS (Invited), H. Toshiyoshi, T. 
Konishi*, K. Machida*, K. Masu**, The University of Tokyo, *NTT Advanced Technology, **Tokyo 
Institute of Technology 
 
We have developed a multi-physics simulation platform for microelectromechanical systems (MEMS) on 
a spice-based circuit simulator (LTspice) and by interpreting the analytical models for electromechanical 
components such as electrostatic parallel-plate actuator, viscoelastic spring, and mechanical anchor by 
using behavioral current/voltage sources. The kernel solver for the mechanical equation of motion (EOM) 
has been programmed by simply using the integral function of the LTspice mathematic library. 
Simulation capability has been extended to and tested against the electrostatic digital torsion mirror 
device integrated with CMOS level shifter circuits. 
 
 
2:50 p.m. 
6.4 MOSFET Performance and Scalability Enhancement by Insertion of Oxygen Layers, N. Xu, 
N. Damrongplasit, H. Takeuchi*, R.J. Stephenson*, N.W. Cody*, A. Yiptong*, X. Huang*, M. Hytha*, 
R. Mears*, T.-J. King Liu, University of California, Berkeley, *Mears Technologies 
 
A detailed simulation and experimental study of MOSFET mobility enhancement and electrostatic 
integrity improvement achieved by the insertion of oxygen layers within the Si channel region is 
presented.  The applicability of this technology to thin-body MOSFET structures is discussed.  
Projections indicate that it will be more effective than strain for boosting performance at the 14 nm node. 
 
 
3:15 p.m. 
6.5 Stress Simulations for Optimal Mobility Group IV p- and nMOS FinFETs for the 14 nm 
Node and Beyond, G. Eneman, D.P. Brunco*, L. Witters, B. Vincent, P. Favia, A. Hikavyy, A. De 
Keersgieter, J. Mitard, R. Loo, A. Veloso, O. Richard, H. Bender, S.H. Lee**, M. Van Dal, N. Kabir, W. 
Vandervorst, M. Caymax, N. Horiguchi, N. Collaert, A. Thean, Imec, *GLOBALFOUNDRIES, 
**Samsung  
 
This work provides calculations of stress enhanced mobilities for n- and p-FinFETs with both Si and Ge 
channels for the 14 nm node and beyond. Results indicate that both for nFETs and pFETs, Ge is very 
interesting, provided the correct stressors are used to boost mobility. 
 
3:40 p.m. 
6.6 Impact of Interface Traps on the IV Curves of InAs Tunnel-FETs and MOSFETs: A Full 
Quantum Study, M.G. Pala, D. Esseni*, F. Conzatti, IMEP-LAHC, *DIEGM-IUNET,  
 
This work presents the first computational study employing a full quantum transport model to investigate 
the effect of interface traps in nanowire InAs Tunnel FETs and MOSFETs. To this purpose, we 
introduced a description of interface traps in a simulator based on the NEGF formalism and on a 8×8 k·p 
Hamiltonian. Our results show that: (a) even a single trap can detereorate the SS of a nanowire InAs 
Tunnel FET; (b) the inelastic phonon assisted tunneling (PAT) through interface traps results in a 
temperature dependence of the Tunnel FETs IV characteristics; (c) the impact of interface traps on Ioff is 
larger in Tunnel FETs than in MOSFETs; (d) interface traps represent a sizable source of device 
variability. 
 
 
4:05 p.m. 



6.7 A New Generation of Surface Potential-Based Poly-Si TFTs Compact Model, H. Ikeda, N. 
Sano, University of Tsukuba 
 
A novel surface potential-based poly-Si TFTs model has been developed considering effects of carrier 
trapping, photo-induced carrier injection, and pinch-off voltage lowering on carrier transport. This model 
has been implemented into SPICE3f5 and succeeded to simulate trap-related frequency dependence and 
illumination-related operating point shift in display circuits. 
 
 
4:30 p.m. 
6.8 A Compact Model for Double-Gate Tunneling Field-Effect-Transistors and Its Implications 
on Circuit Behaviors, L. Zhang, J. He*, M. Chan, Hong Kong University of Science and Technology, 
*Peking University Shenzen SOC Key Laboratory 
 
A compact model for tunneling field-effect-transistors (TFETs) is presented. The model includes a band-
to-band tunneling current module and a terminal charge module. TCAD simulations show that the model 
describes TFETs currents and capacitances accurately. The model is implemented into a circuit simulator 
and used to simulate TFETs logic circuits and SRAMs. 
 
Session 7: Power and Compound Semiconductor Devices - Power Devices – Si, GaN, SiC, 

Diamond  
Monday, December 10, 1:30 p.m. 
Imperial Ballroom 
Co-Chairs: Oliver Häberlen, Infineon Technologies Austria AG 
  Peter Moens, ON Semiconductor Belgium BVBA 
 
Introduction 
1:30 p.m. 
 
1:35 p.m. 
7.1 The Role of Silicon, Silicon Carbide and Gallium Nitride in Power Electronics (Invited), M. 
Treu, E. Vecino*, M. Pippan, O. Häberlen, G. Curatola, G. Deboy, M. Kutschak, U. Kirchner, Infineon 
Technologies Austria AG, *Infineon Technologies AG 
 
Silicon carbide (SiC) and latest gallium nitride (GaN) are two semiconductor materials which entered the 
power device arena which has been set up and still is being dominated by silicon based devices. The 
following paper will make a basic comparison of power devices out of these three base materials valid for 
medium voltage classes of some hundred to above 1000V. This paper will start with comparisons of 
common electrical figures of merit (FOM) and will focus less on the exact values but on the possible 
trends and current limits concerning the different materials. These findings will be brought in relation to 
application requirements. 
 
2:00 p.m. 
7.2 GaN Gate Injection Transistor with Integrated Si Schottky Barrier Diode for Highly 
Efficient DC-DC Converters, T. Morita, S. Ujita, H. Umeda, Y. Kinoshita, S. Tamura, Y. Anda, T. 
Ueda, T. Tanaka, Panasonic Corporation 
 
GaN Gate Injection Transistor(GIT) with an integrated Si Schottky barrier diode(SBD) is presented. The 
reduction of the gate length and the integration of the SBD reduce the operating loss of low voltage DC-
DC converters. The DC-DC converter using the integrated devices exhibits a high peak efficiency of 89% 
at 2MHz. 



 
 
2:25 p.m. 
7.3 Integrated Gate-Protected HEMTs and Mixed-Signal Functional Blocks for GaN Smart 
Power ICs, A. Kwan, X. Liu, K. Chen, Hong Kong University of Science and Technology 
 
On a GaN smart power IC platform, we have demonstrated gate-protected high-voltage AlGaN/GaN E-
mode HEMTs that can sustain large input-gate voltage swing (>20 V) with enhanced reliability and 
safety. A 2-level quantizer and an S/R flip-flop are also demonstrated to expand the design library of 
mixed-signal functional blocks toward fully integrated GaN power converters. 
 
 
2:50 p.m. 
7.4 Performance and Reliability Improvement in SiC Power MOSFETs by Implementing AlON 
High-k Gate Dielectrics, T. Hosoi, S. Azumo*, Y. Kashiwagi*, S. Hosaka*, R. Nakamura**, S. 
Mitani**, Y. Nakano**, H. Asahara**, T. Nakamura**, T. Kimoto***, T. Shimura, H. Watanabe, Osaka 
University, *Tokyo Electron Ltd., *ROHM Co. Ltd., ***Kyoto University 
 
We have developed AlON high-k gate dielectric technology which can be easily implemented into both 
planar and vertical SiC-based MOSFETs. Based on electrical characterization and numerical simulation, 
thickness ratio of AlON layer to SiO2 interlayer and nitrogen content in AlON film were carefully 
optimized to enhance device performance and reliability. 
 
 
3:15 p.m. 
7.5 Diamond Semiconductor JFETs by Selectively Grown n+-Diamond Side Gates for Next 
Generation Power Devices, T. Iwasaki, Y. Hoshino, K. Tsuzuki, H. Kato*, T. Makino*, M. Ogura*, D. 
Takeuchi*, T. Matsumoto*, H. Okushi*, S. Yamasaki*, M. Hatano, Tokyo Institute of Technology, *JST-
CREST 
 
Diamond semiconductor is an attractive material for next-generation power devices due to its high 
breakdown field. By selective n+-type diamond growth, diamond JFETs were fabricated and operated 
successfully for the first time. We demonstrate steep subthreshold slopes and low leakage current, 
maintained in 1014-1015 A ranges up to 423 K. 
 
 
3:40 p.m. 
7.6 A 10kV Vacuum Switch with Negative Electron Affinity of Diamond p-i-n Electron Emitter, 
D. Takeuchi, S. Koizumi*, T. Makino, H. Kato, M. Ogura, H. Okushi, H. Ohashi, S. Yamasaki, AIST, 
*NIMS 
 
This paper presents experimental results of a negative electron affinity electron emitter using diamond p-
i-n diodes which achieves a power gain of 2.8 at 10 kV operations during RT operations first time. This 
result proves a principle of vacuum switches over 100 kV with an efficiency beyond 99.9%. 
 
 
Session 8: Nano Device Technology - Ultimate CMOS Devices 
Tuesday, December 11, 9:00 a.m. 
Grand Ballroom A 
Co-Chairs: Dong-Won Kim, Samsung 
  Philip Feng, Case Western Reserve University 



 
Introduction 
1:30 p.m. 
 
9:05 a.m. 
8.1 The Ultimate CMOS Device and Beyond (Invited), K. Kuhn, U. Avci, A. Cappellani, M. Giles, 
M. Haverty, S. Kim, R. Kotlyar, S. Manipatruni, D. Nikonov, C. Pawashe, M. Radosavljevic, R. Rios, S. 
Shankar, R. Vedula, R. Chau, I. Young, Intel Corporation 
 
During the last decade, implementation of strain (90nm), high-k / metal gate (45nm), and non-planar 
TriGate devices (22nm) has continued to support and energize the Moore’s Law roadmap.  This paper 
discusses the benefits and challenges of technologies which could contribute to the ultimate CMOS 
device, including technologies for improving short channel control, incorporating advanced channel 
materials, and minimizing parasitic resistance and capacitance.  The paper also discusses device 
technologies beyond the ultimate CMOS device, including ultra-steep subthreshold devices and spin-
torque devices. 
 
 
9:30 a.m. 
8.2 Suppressing Vt and Gm Variability of FinFETs Using Amorphous Metal Gates for 14nm 
and Beyond, T. Matsukawa, Y. Liu, W. Mizubayashi, J. Tsukada, H. Yamauchi, K. Endo, Y. Ishikawa, 
S. O'uchi, H. Ota, S. Migita, Y. Morita, M. Masahara, AIST 
 
Amorphous TaSiN metal gates (MGs) are successfully introduced in FinFETs to suppress work function 
variation (WFV) of the MG. Comparing with a poly-crystalline TiN gate, the TaSiN gate reduces Vt 
variation drastically and thus records the smallest AVt value of 1.34 mVµm reported so far for MG 
FinFETs. The interface traps also become a dominant AVt origin in the case of well-suppressed WFV 
using the amorphous MG. WFV suppression is also effective to reduce trans-conductance variability 
which will be a dominant source of on-current variability for 14 nm technology and beyond. 
 
 
9:55 a.m. 
8.3 Room-Temperature Carrier Transport in High-Performance Short-Channel Silicon 
Nanowire MOSFETs, A. Majumdar, S. Bangsaruntip, G. Cohen, L. Gignac, M. Guillorn, M. Frank, J. 
Sleight, D. Antoniadis*, *IBM T.J. Watson Research Center, *Massachusetts Institute of Technology 
 
We analyze room-temperature carrier transport in Si nanowire (NW) MOSFETs with diameters DE and 
gate lengths LG down to 8 and 25 nm, respectively. For the first time, we show that in Si NWs, holes 
exhibit channel injection and thermal velocity, as high as the highest obtained for uniaxially strained 
planar Si-channel electrons, likely due to combination of strain and confinement. 
 
 
10:20 a.m. 
8.4 Polarity Control in Double-Gate, Gate-All-Around Vertically Stacked Silicon Nanowire 
FETs, M. De Marchi, D. Sacchetto, S. Frache, J. Zhang, P.-E. Gaillardon, Y. Leblebici, G. De Micheli, 
EPFL 
 
We fabricated and characterized ambipolar Silicon Nanowire (SiNW) FET transistors featuring two 
independent Gate-All-Around (GAA) electrodes and vertically stacked SiNW channels. One of the gate 
electrodes is exploited to dynamically select the polarity of the devices (n or p-type). Measurement results 
on silicon show Ion/Ioff > 106 and S≈64mV/dec (70mV/dec) for p-type and n-type operation in the same 



device. We show that XOR operation is embedded in the device characteristic, and we implement for the 
first time a fully functional 2-transistor XOR gate to demonstrate the potential of this technology for logic 
circuit design. 
 
 
10:45 a.m. 
8.5 A Novel Si Tunnel FET with 36mV/dec Subthreshold Slope Based on Junction Depleted-
Modulation Through Striped Gate Configuration, Q. Huang, R. Huang, Z. Zhan, Y. Qiu, W. Jiang, C. 
Wu, Y. Wang, Peking University 
 
In this paper, a novel junction depleted-modulation design to achieve equivalently abrupt tunnel junction 
of Si Tunnel FET (TFET) is proposed. By changing the gate layout configuration, the new Junction 
modulated TFET can reliably and effectively achieve much steeper switching behavior and higher ON 
current without area penalty and special fabrication compared with traditional TFET. Further junction 
optimization by introducing the self-depleted doping pocket with much relaxed process requirements is 
also experimentally demonstrated based on the bulk Si substrate. With traditional Si CMOS-compatible 
process, the fabricated device shows a minimum substhreshold slope of 36mV/dec within one decade of 
drain current. 
 
 
11:10 a.m. 
8.6 Electrical Performances of Junctionless-FETs at the Scaling Limit (LCH = 3 nm), S. Migita, 
Y. Morita, M. Masahara, H. Ota, AIST 
 
Junctionless-FETs (JL-FET) with extremely short channel length (Lch = 3 nm) were fabricated using 
anisotropic wet etching of SOI substrate, and superior transfer characteristics are demonstrated. 
Experimental results and simulation study predict that ultra-low voltage CMOS can be constructed using 
N- and P-type JL-FETs with single work function metal gate. Furthermore, it is cleared that carrier 
velocity in the short channel JL-FET is approaching to the injection velocity. 
 
 
11:35 a.m. 
8.7 300 K Operating Full-CMOS Integrated Single Electron Transistor (SET)-FET Circuits, V. 
Deshpande, R. Wacquez, M. Vinet, X. Jehl, S. Barraud, R. Coquand, B. Roche, B. Voisin, C. Vizioz, B. 
Previtali, L. Tosti, P. Perreau, T. Poiroux, M. Sanquer, B. De Salvo, O. Faynot, CEA,LETI, Minatec and 
CEA-INAC 
 
We demonstrate the first Single Electron Transistor (SET) with high-k/metal gate operating at room 
temperature (at VD=0.9 V) cointegrated with fully depleted SOI (FDSOI) MOSFET (with 20 nm gate 
length) to realize a hybrid SET-FET circuit. Our resulting circuit exhibits typical SET oscillations upto 
record milliampere range. We also demonstrate a SET-FET based Negative Differential Resistance 
(NDR) device with 104 peak-valley-current-ratio and also a literal gate for multivalued logic applications. 
 
 
Session 9: Characterization, Reliability, and Yield - Memory Reliability Challenges 
Tuesday, December 11, 9:00 a.m. 
Continental Ballroom 1-3 
Co-Chairs: Ya-Chin King, National Tsing Hua University 
  Satoru Yamada, Samsung Electronics Co., Ltd. 
 
9:00 a.m. 



Introduction 
 
9:05 a.m. 
9.1 Radically Extending the Cycling Endurance of Flash Memory (to > 100M Cycles) by Using 
Built-in Thermal Annealing to Self-heal the Stress-Induced Damage, H.-T. Lue, P.-Y. Du, C.-P. 
Chen, W.-C. Chen, C.-C. Hsieh, Y.-H. Hsiao, Y.-H. Shih, C.-Y. Lu, Macronix International Co. Ltd. 
 
Flash memory endurance is limited by the tunnel oxide degradation after repeated P/E stressing in strong 
electric field. Thermal annealing should be able to repair the oxide damage but such theory cannot be 
tested in real time since completed device cannot endure high temperature > 400°C and long baking time 
is impractical for real time operation. In this work, we propose and demonstrate a novel self-healing 
Flash, where a locally high temperature (>800°C), short time (ms) annealing is generated by a built-in 
heater. By modifying the word line (WL) from a single-ended to a double-ended structure, the WL can 
carry a current to generate Joule heating; and the proximity of the gate can readily heat the tunnel oxide of 
the Flash device, annealing out the damage caused by P/E cycling. We discover that a BE-SONOS 
charge-trapping NAND Flash device can be quickly annealed within a few milliseconds. With this novel 
technique, we demonstrate a record-high endurance of >100M (108) P/E cycles with excellent post-100M-
cycle retention. Interestingly, the WL heater can be used to achieve faster erasing although normally FN 
tunneling should be temperature-independent. At the extreme temperature achieved in our heating-while-
erasing experiments electron de-trapping from the charge trapping nitride, accompanying hole FN 
tunneling, also occurs, resulting in faster erasing. Finally, a novel design architecture for implementing 
the self-healing Flash memory is proposed. 
 
9:30 a.m. 
9.2 Quantitative and Predictive Model of Reading Current Variability in Deeply Scaled 
Vertical Poly-Si Channel for 3D Memories, M. Toledano-Luque, R. Degraeve, B. Kaczer, B. Tang*, P. 
Roussel, P. Weckx**, J. Franco**, A. Arreghini, A. Suhane**, G.S. Kar, G. Van den bosch, G. 
Groeseneken**, J. van Houdt, imec, *Liverpool John Moores University, **also with KULeuven 
 
3D vertical poly-Si channel SONOS devices are emerging as the most prominent alternative for the 10 nm 
nonvolatile memory technology node and beyond provided that a significant drive current IREAD is 
delivered at a fixed reading gate voltage VREAD. Recently, we showed the discrete drops observed in the 
transfer characteristic (ID vs. VG) of 3D transistors are linked to single electron trapping in the highly 
defective poly-Si channel [3]. This effect is in addition to low poly-Si mobility, resulting in the low drain 
current measured on poly-Si channel transistors. As an immediate consequence, a large drain current ID 
variability is observed in such deeply scaled devices. In order to develop a correct model to predict this 
ID variability, both the i) charging component and ii) the intrinsic gm-variability have to be separately 
characterized and physically understood, to be afterwards correctly combined. The present abstract shows 
the methodology to predict the ID distribution  at fixed reading gate voltage VREAD by  physical 
understanding of both  effects: electron trapping and transconductance variations. 
 
 
9:55 a.m. 
9.3 Characterization of Traps in 3-D Stacked NAND Flash Memory Devices with Tube-Type 
Poly-Si Channel Structure, M.K. Jeong, S.M. Joe, B.S. Jo, H.J. Kang, J.H. Bae, K.R. Han*, E. Choi*, 
G. Cho*, S.K. Park*, B.G. Park, J.H. Lee, Seoul National University, *SK hynix Inc. 
 
Trap density (Dit) was extracted for the first time in 3-D stacked NAND flash memory with a tube-type 
poly-Si channel structure. We verified extracted Dit with conductance method and charge pumping 
method in 32 nm floating gate (FG) NAND flash memory. In 3-D stacked NAND flash memory device, 
the Dit extracted by conductance method was 1~2×1012/(cm-2eV-1) in EC-ET of 0.15~0.35 eV. The 



simulation results of IBL-VCG and C-VCG based on the Dit were conformable with the measurement data. 
Then we investigated effects of program/erase (P/E) cycling on 1/f noise in NAND flash devices. Finally, 
we extracted firstly the position of a trap generating random telegraph noise (RTN) by considering 
cylindrical coordinate and pass cell resistance in the 3-D stacked NAND flash memory cell. 
 
 
10:20 a.m. 
9.4 Device Considerations for High Density and Highly Reliable 3D NAND Flash Cell in Near 
Future (Invited), E.-S. Choi, S.-K. Park, SK hynix Inc. 
 
Highly manufacturable and reliable 3D NAND flash cell intended to minimize both stack height and 
word-line resistance has been suggested. The key cell characteristics such as cell Vth distribution, 
disturbance, and reliability are compared with our FG cell of 2y node in chip level, and several future 
challenges for 3D era will be addressed. 
 
 
10:45 a.m. 
9.5 RRAM SET Speed-Disturb Dilemma and Rapid Statistical Prediction Methodology, W.-C. 
Luo, J.-C. Liu, H.-T. Feng, Y.-C. Lin, J.-J. Huang, K.-L. Lin, T.-H. Hou, National Chiao Tung University 
 
This paper presents a first comprehensive study of SET speed-disturb dilemma in RRAM using 
statistically-based prediction methodologies. A rapid ramped-voltage stress based on percolation model 
and power-law V-t dependence showed excellent agreement with the time-consuming constant-voltage 
stress, and was applied to evaluate current status of RRAM devices in the literature. 
 
 
11:10 a.m. 
9.6 Methodology for the Statistical Evaluation of the Effect of Random Telegraph Noise (RTN) 
on RRAM Characteristics, D. Veksler, G. Bersuker, B. Chakrabarti*, E. Vogel*, S. Deora, K. 
Matthews, D.C. Gilmer, H.-F. Li**, S. Gausepohl**, P.D. Kirsch, SEMATECH, *University of Texas, 
Dallas, **College of Nanoscale Science and Engineering 
 
We introduce a figure of merit (FoM) to quantify RRAM read current instability, a complex multi-level 
RTN-like signal, generally observed in read current. Log(FoM) follows a normal statistical distribution 
describing the probability of occurrence of a read current fluctuation of a given amplitude. The developed 
statistical model for the read current instability is significant because it allows to estimate the maximum 
size and minimum operating current for a high density RRAM array. 
 
 
11:35 a.m. 
9.7 A 32nm SRAM Reliability Macro for Recovery Free Evaluation of NBTI and PBTI, P. Jain, 
A. Paul, X. Wang, C. Kim, University of Minnesota 
 
A scalable test structure for recovery free evaluation of the impact of NBTI and PBTI on read/write 
operation in a SRAM macro has been developed. A novel non-invasive methodology keeps the stress 
interrupts for measurements within a few microseconds, preventing unwanted BTI recovery, while 
providing a parallel stress-measure capability on 32kb sub-arrays. Measurement results in a 32nm high-
κ/metal-gate silicon-on-insulator process show that proposed schemes provides 35mV better accuracy in 
read VMIN and over 10X accuracy in BFR. 
 
Session 10: Circuit and Device Interaction - Design Innovation with Emerging Memory Devices 



Tuesday, December 11, 9:00 a.m. 
Continental Ballroom 4 
Co-Chairs: Chia-Hong Jan, Intel 
  Kevin Cao, ASU 
 
9:00 a.m. 
Introduction 
 
9:05 a.m. 
10.1 Design Innovations to Optimize the 3D Stackable Vertical Gate (VG) NAND Flash, C.H. 
Hung, H.T. Lue, S.N. Hung, C.C. Hsieh, K.P. Chang, T.W. Chen, S.L. Huang, T.S. Chen, C.S. Chang, 
W.W. Yeh, Y.H. Hsiao, C.-F. Chen, S.C. Huang, Y.R. Chen, G.R. Lee, C.W. Hu, S.H. Chen, C.J. Chiou, 
Y.H. Shih, C.-Y. Lu, Macronix International Co. Ltd. 
 
The design architecture for 3D vertical gate (VG) NAND Flash is discussed in detail. With the unique 
structure of 3D VG and its decoding method, we have developed several important design innovations to 
optimize this technology: (1) “Shift-BL scramble” to average the BL capacitances, providing uniform 
CBL’s for various memory layers; (2) Optimized read waveforms to suppress the hot-carrier induced read 
disturb in the page reading mode; (3) Novel reverse read with “multi-Vt sensing technique” for different 
memory layers to compensate the Vt variation due to the layer-to-layer process difference; (4) Program 
inhibit method and technique to minimize the “Z-directional” self-boosting program disturb in 3D 
stackable memory. Optimized chip-level performances with excellent memory window for SLC and MLC 
operations are demonstrated on a 2-layer 3D VG NAND chip. 
 
 
9:30 a.m. 
10.2 RRAM-based Synapse for Neuromorphic System with Pattern Recognition Function, S. 
Park, H. Kim, M. Choo, J. Noh, A. Sheri, S. Jung, K. Seo, J. Park, S. Kim, W. Lee, J. Shin, D. Lee*, G. 
Choi*, J. Woo*, E. Cha*, J. Jang*, C. Park, M. Jeon, B. Lee, B.H. Lee, H. Hwang*, Gwangju Institute of 
Sceince and Technology, *Pohang University of Science and Technology 
 
Feasibility of a high speed pattern recognition system using 1k-bit cross-point synaptic RRAM array and 
CMOS based neuron chip has been experimentally demonstrated. Learning capability of a neuromorphic 
system comprising RRAM synapses and CMOS neurons has been confirmed experimentally, for the first 
time. 
 
9:55 a.m. 
10.3 CBRAM Devices as Binary Synapses for Low-Power Stochastic Neuromorphic Systems: 
Auditory (Cochlea) and Visual (Retina) Cognitive Processing Applications, M. Suri, O. Bichler*, D. 
Querlioz***, G. Palma, E. Vianello, D. Vuillaume**, C. Gamrat*, B. DeSalvo, CEA-LETI, Minatec, 
*CEA-LIST, **CNRS-IEMN, ***IEF-Paris 
 
In this work, we demonstrate an original methodology to use Conductive-Bridge RAM (CBRAM) 
devices as binary synapses in low-power stochastic neuromorphic systems. A new circuit architecture, 
programming strategy and probabilistic Spike-Time Dependent Plasticity (STDP) learning rule are 
proposed. We show, for the first time, how the intrinsic CBRAM device switching probability at ultra-
low power can be exploited to implement probabilistic learning rules. Two complex applications are 
demonstrated:real-time auditory (from 64-channel human cochlea) and visual (from mammalian visual 
cortex) pattern extraction. A high accuracy (audio pattern sensitivity >2, video detection rate >95%) and 
ultra-low synaptic-power dissipation (audio 0.55μW, video 74.2μW) were obtained. 
 



 
10:20 a.m. 
10.4 A Neuromorphic Visual System Using RRAM Synaptic Devices with Sub-pJ Energy and 
Tolerance to Variability: Experimental Characterization and Large-Scale Modeling, S. Yu, B. Gao, 
Z. Fang***, H. Yu**, J. Kang*, H.-S. P. Wong, Stanford University, *Peking University, **South 
University of Science and Technology, ***A*STAR 
 
We report metal oxide resistive switching memory (RRAM) as synaptic devices for a neuromorphic 
visual system. At the device level, we experimentally characterized the gradual resistance modulation of 
RRAM by hundreds of identical pulses and a low energy consumption (<1 pJ per spike). At the system 
level, we simulated the performance of image orientation selectivity on a neuromorphic visual system 
which consists of CMOS neuron circuits and a 16 kb RRAM array. It was found that the system can 
tolerate the variability which is commonly present in RRAM devices. 
 
 
10:45 a.m. 
10.5 Novel Hybrid DRAM/MRAM Design for Reducing Power of High Performance Mobile 
CPU, K. Abe, H. Noguchi, E. Kitagawa, N. Shimomura, J. Ito, S. Fujita, Toshiba Corporation 
 
This paper presents novel DRAM/MRAM hybrid memory design that enables effective power reduction 
for high performance mobile CPU. Power reduction by about 70% of SRAM-based cache for application 
running can be achieved with D-MRAM-based cache memory in CPU. This result is attributable to both 
novel D-MRAM memory design and lowest programming energy, 0.09pJ, of advanced p-MTJ with ultra-
high speed write and low power write (3ns, 50uA). 
 
 
11:10 a.m. 
10.6 First Demonstration of Logic Mapping on Nonvolatile Programmable Cell Using 
Complementary Atom Switch, M. Miyamura, M. Tada, T. Sakamoto, N. Banno, K. Okamoto, N. 
Iguchi, H. Hada, Low-power Electronics & Project (LEAP) 
 
Reconfigurable nonvolatile programmable logic using complementary atom switch (CAS) is successfully 
demonstrated on a 65-nm-node test chip. Various functional logics are realized by synthesizing RTL 
codes and mapping to the novel programmable logic, including 3x3 logic cells. Each logic includes two 4-
input LUTs, 19x8 crossbar-switch, and 368-b CAS. The CAS-based nonvolatile logic with 1.8V-
programming voltage reduces the cell area by 80% compared to a conventional SRAM-based 
programmable logic. 
 
 
Session 11: Emerging Technologies – Spintronics/Magnetic Materials and Device Applications 
Tuesday, December 11, 9:00 a.m. 
Continental Ballroom 6 
Chair: Stefan De Gendt, IMEC  
 
9:00 a.m. 
Introduction 
 
9:05 a.m. 
11.1 Spin Transport in Graphene: Fundamental Concepts and Practical Implications, B. Dlubak, 
A. Anane, M. Blandine Martin, P. Seneor, A. Fert, Unité Mixte de Physique CNRS/Thales  
 



Electronic devices based on spin transport are expected to play a major role in future Information and 
Communication Technologies (ICT). Those spintronics devices will use the spin degree of freedom to 
store, transport and process information. Even if magnetic read heads have been the cornerstone of 
magnetic hard drives since 1996, it is only recently that the full potential of spintronics has been included 
in the ITRS road map.Spin information processing will require the ability to inject, manipulate and detect 
spins. To this respect, the seminal spintransistor proposed by Datta and Das is a very simple device based 
on spin injection and detection using ferromagnetic electrodes and on the manipulation of the spin 
information through the spin-orbit coupling (Rashba effect). It was, however, soon understood that 
fundamental constraints on the physics governing spin transport will make this concept very difficult to 
achieve with conventional semiconductors (GaAs or Si). Here we will present a set of results on an 
alternative route where the channel is no longer a conventional semiconductor but graphene. Graphene is 
expected to be a good candidate for spin information transport as its mobility at room temperature 
outperforms that of any other material and its spin orbit coupling as well as the hyperfine interaction of 
12C are expected to be very small. Using Multilayer graphene grown on SiC wafers we experimentally 
demonstrate using spin transport experiments in the lateral spin-valve geometry that the spin diffusion 
length is at least of the order of 100 μm. 
 
9:30 a.m. 
11.2 Thermal Spin Transport and Applications, S.Y. Huang, W.G. Wang, D. Qu, S.F. Lee**, J. 
Kwo*, C.L. Chien, The Johns Hopkins University, Maryland, * National Tsing Hua University, ** 
Institute of Physics, Academia Sinica  
 
Spin caloritronics, exploiting the interaction between spin with heat currents, offers a promising path to 
further reduction in both the size and power consumption of solid state devices. Despite recent 
observations of spin dependent thermal transport by several groups, the underlying physical mechanism 
remains unsettled. Our study has demonstrated the profound effect of substrate on the spindependent 
thermal transport by patterned ferromagnetic thin films. This unexpected behavior is due to an out-of-
plane temperature gradient imposed by the thermal conduction through the substrate, resulting in a 
mixture of anomalous Nernst effects (ANE) and spin Seebeck effect (SSE). Only with substrate-free 
sample have we determined the intrinsic spin-dependent thermal transport with characteristics and field 
sensitivity similar to those of anisotropic magnetoresistance (AMR) effect and planer Hall effect (PHE). 
These effects are sensitive to magnetic fields, encouraging for future applications such as spin 
thermoelectric coating, and sensors. 
 
9:55 a.m. 
11.3 Progress of STT-MRAM Technology and the Effect on Normally-off Computing Systems, 
H. Yoda, S. Fujita, N. Shimomura, E. Kitagawa, K. Abe, K. Nomura, H. Noguchi, J. Ito, Toshiba 
Corporation  
 
Figure 1-1 shows an access-speed vs. density map of existing memories. The ideal memory, a fast and 
dense non volatile memory with unlimited endurance, does not exist. Consequently, most systems use a 
combination of working memories such as SRAM and DRAM and storage memories such as NAND 
Flash and HDD as shown in Fig. 1-2. The working memories have fast read/write access speed and 
unlimited endurance but do not have nonvolatility. The storage memories have nonvolatility and density 
but do not have fast read/write access speed. They work cooperatively with each other to attain both fast 
accessibility and nonvolatility of data. However, there are drawbacks. When such a system is turned on, 
data, which is located in storage, should be copied to the working memories to set up memory systems for 
usage. The setup is called booting and it takes about a minute in the case of personal computers. When 
such a system is in use, the working memories consume a lot of energy to keep those data because SRAM 
and DRAM are volatile. The battery power consumption is a major problem for mobile systems such as 
cellular phones. Fast nonvolatile memories with unlimited endurance solve these problems. MRAM is the 



only nonvolatile memory that has relatively fast read/write accessibility and unlimited endurance. 
However, an innovation was needed. The commercialized MRAM is not as fast as SRAM or not as dense 
as DRAM. Much work has been done on MTJ materials and MRAMs. In particular, spin transfer torque 
(STT)-writing on MTJs with perpendicular magnetization (simply expressed as P-MTJs) solved most of 
the problems [1],[2],[3],[4],[5],[6]. As a result, we are very close to solving the above-mentioned 
drawbacks of the present SRAM, DRAM/NAND, HDD memory hierarchy by designing a normally-off 
memory hierarchy. In this paper, the progress of P-MTJs is reviewed and prospects for the normally-off 
memory hierarchy based on new results are discussed. 
 
10:20 a.m. 
11.4 Spin Transport in Metal and Oxide Devices at the Nanoscale, S. Parui, K. Gaurav Rana, T. 
Banerjee, University of Groningen 
 
Here we discuss a non-destructive technique that characterizes spin and charge transport at the nanometer 
scale, across buried layers and interfaces, in magnetic memory elements as used in spin transfer torque 
based Magnetic Random Access Memory (STT-MRAM). While probing in the current-perpendicular-to-
plane direction, this method enables quantification of essential spin transport parameters as length and 
time scale, spin polarization in buried layers and interfaces, visualization of domain wall evolution across 
buried interfaces, besides investigating the homogeneity of transport, at the nanoscale, in spintronics 
devices. 
 
10:45 a.m. 
11.5 Error Immunity Techniques for Nanomagnetic Logic, B. Lambson, Z. Gu, J. Bokor, D. 
Carlton*, S. Dhuey*, A. Scholl*, University of California,  *Lawrence Berkeley National Lab 
 
Nanomagnetic logic (NML) is an alternative to electron charge-based information processing for energy 
efficient computing applications. However, experiments indicate that nanomagnets are susceptible to 
thermal and lithographic noise, resulting in logical errors during signal transmission and computation. 
Here, we study the origins of errors in nanomagnetic logic and present a technique for reducing error rates 
based on anisotropy engineering. Using photoelectron emission microscopy (PEEM), we verify the 
functionality and error-immunity properties of anisotropy-engineered nanomagnets in NML applications. 
 
11:10 a.m. 
11.6 Boolean and Non-Boolean Computation with Spin Devices, M. Sharad, C. Augustine, K. Roy, 
Purdue University 
 
Recently several device and circuit design techniques have been explored for applying nano-magnets and 
spin torque devices like spin valves and domain wall magnets in computational hardware. However, most 
of them have been focused on digital logic, and, their benefits over robust and high performance CMOS 
remains debatable. Ultra-low voltage, current-mode operation of magneto-metallic spin torque devices 
can potentially be more suitable for non-Boolean logic like neuromorphic computation, which involve 
analog processing. Device circuit co-design for different classes of neuromorphic architectures using 
spin-torque based neuron models along with DWM or other memristive synapses show that the spin-
based neuromorphic designs can achieve 15X-100X lower computation energy for applications like, 
image processing, data-conversion, cognitive-computing, pattern matching and programmable-logic, as 
compared to state of art CMOS designs. 
 
Session 12: Displays, Sensors, and MEMS - Energy Conversion Devices 
Tuesday, December 11, 9:00 a.m. 
Continental Ballroom 7-9 
Co-Chairs: Tian-Ling Ren, Tsinghua University 



  Babak Ziaie, Purdue University 
 
9:00 a.m. 
Introduction 
 
9:05 a.m. 
12.1 Optofluidic Devices and Applications (Invited), D. Psaltis, W. Song, A. Vasdekis, EPFL 
 
Optofluidic devices are most commonly fabricated using microfluidic technology into which photonic 
capability is embedded. Lasers, microscopes, sensors, optical fibers, and lenses can be fabricated with this 
approach. The application areas of optofluidics include tunable optical devices, biophotonics, and more 
recently solar energy harvesting. 
 
9:30 a.m. 
12.2 Hybrid CIS/Si Near-IR Sensor and 16% PV Energy-Harvesting Technology, C.-H. Shen, J.-
M. Shieh, T.-T. Wu, U.-P. Chiou*, H.-C. Kuo*, P. Yu*, T.-C. Lu*, Y.-L. Chueh**, C.W. Liu, C. Hu***, 
F.-L. Yang, National Nano Device Laboratories, *National Chiao Tung University, **National Tsing Hua 
University, ***University of California, Berkeley 
 
Hydrogen-plasma-enhanced Se vapor selenization is used to produce efficient Na-free CuInSe2 (CIS) 
sensor and solar cell, and low temperature plasma-deposited Si thin film solar cell and transistor with 400 
cm2/V-s mobility are stacked on top the CIS layer. For the first time, we report a novel stacked Si/CIS/Si 
solar cell design that provides 15.8%-efficient bifacial operation. The Si TFT and back side Si solar cell is 
also an effective UV-visible band filter reducing light degradation and environmental noise on CIS image 
sensor. This hybrid image sensing and energy-harvesting technology is intended for applications in multi-
functional panel with CIS performing both stacked solar cell and stacked TFT/sensor functions but in 
separate areas. 
 
 
9:55 a.m. 
12.3 Device Optimization for Integration of Thin-Film Power Electronics with Thin-Film 
Energy-Harvesting Devices to Create Power-Delivery Systems on Plastic Sheets, W. Rieutort-Louis, 
J. Sanz Robinson, Y. Hu, L. Huang, J.C. Sturm, N. Verma, S. Wagner, Princeton University 
 
Integrated wireless energy-harvesting sheets are made possible by large-area thin-film electronics. In this 
work we (1) contrast two implemented a-Si energy-harvesting topologies, (2) illustrate how device 
properties limit their achievable output power/efficiency and (3) demonstrate the need for consideration 
of circuit-device interactions that go beyond common device metrics e.g. ft. 
 
 
10:20 a.m. 
12.4 UHF IGZO Schottky Diode, A. Chasin, S. Steudel, F. Vanaverbeke, K. Myny, M. Nag, T.-H. 
Ke, S. Schols, G. Gielen*, J. Genoe, P. Heremans, imec, *KU Leuven 
 
Schottky diodes based on amorphous IGZO (Indium-Gallium-Zinc-Oxide) semiconductor were fabricated 
and characterized. S-parameter measurements prove that these diodes have cut-off frequency over 
900MHz, making them an excellent choice for UHF applications, as energy-harvesters for passive RFID 
tags on foil. When employed in rectifier, diodes provide more than 1.2V at 900MHz. 
 
 
10:45 a.m. 



12.5 An Innovative Heat Harvesting Technology (HEATec) for Above-Seebeck Performance, O. 
Puscasu, S. Monfray, G. Savelli*, C. Maitre, J. Pemeant, P. Coronel*, K. Domanski**, P. Grabiec**, P. 
Ancey, PJ. Cottinet***, D. Guyomar***, V. Bottarel, G. Ricotti, I. Bimbaud, F. Boeuf, F. Gaillard*, T. 
Skotnicki, STMicroelectronics, *CEA-Liten, **ITE, ***LGEF, INSA Lyon 
 
An innovative approach to heat energy harvesting (HEATec) is proposed in this paper. The harvesting 
modules do not need a heat sink in order to work. The available mechanical power (2.7mW/cm2) that can 
be converted into electricity may lead to a superior performance compared to the best commercial 
Seebeck devices. 
 
 
11:10 a.m. 
12.6 High Efficiency Silicon and Germanium Stack Junction Solar Cells, D. Kim, Y. Choi, E.C. 
Do, Y. Lee, Y.G. Kim, Samsung Advanced Institute of Technology 
 
We propose a new scheme to overcome Silicon solar cell limit efficiency. Stacking Ge junction 
underneath Si can obtain 5% more efficiency. We have fabricated 20.9% top Si / 1.6% bottom Ge stack 
junction with 22.5% module efficiency, with the goal set to reach 26.5% in the future. 
 
 
Session 13 (Joint): Power and Compound Semiconductor Devices - Power Device Modeling and 

Characterization 
   Modeling and Simulation - Simulation and Modeling of GaN Devices 
Tuesday, December 11, 9:00 a.m. 
Imperial Ballroom 
Co-Chairs: Kwang Seok Seo, Seoul National University (PC) 
  Valery Axelrad, Sequoia Design Systems (MS) 
 
9:00 a.m. 
Introduction 
 
9:05 a.m. 
13.1 Towards Understanding the Origin of Threshold Voltage Instability of AlGaN/GaN MIS-
HEMTs, P. Lagger, C. Ostermaier, G. Pobegen*, D. Pogany**, Infineon Technologies Austria AG, *KAI 
GmbH, **Vienna University of Technology 
 
GaN-power HEMTs with insulated gate structure suffer from threshold voltage drifts under forward gate 
bias. We present a systematical approach to understand the dominant mechanism causing this effect. Our 
analysis reveals a broad distribution of trap time constants with similar characteristics to silicon bias 
temperature instability. 
 
 
9:30 a.m. 
13.2 Characterization of Traps and Trap-Related Effects in Recessed-Gate Normally-off 
AlGaN/GaN-Based MOSHEMT, J.H. Bae, I. Hwang*, J.M. Shin, H.I. Kwon**, C.H. Park***, J. Ha*, 
J. Lee*, H. Choi*, J. Kim*, J.-B. Park*, J. Oh*, J. Shin*, U. Chung*, J.H. Lee, Seoul National University, 
*Samsung Electronics Co. Ltd., **Chung-Ang University, ***Kwangwoon University 
 
Traps and trap-related effects in recessed gate normally-off AlGaN/GaN-based MOSHEMT with SiO2 
gate oxide were characterized. Hysteresis in ID-VG was observed at elevated temperature (~120 °C) due to 
the traps. To understand the traps, transient drain was investigated at given gate and drain pulses with 



different temperatures. Two groups of time constants were extracted: one is nearly constant and the other 
is decreased with temperature. We extracted activation energy from the drain current characteristics. 
 
 
9:55 a.m. 
13.3 A Novel Degradation Mechanism of AlGaN/GaN/Silicon Heterostructures Related to the 
Generation of Interface Traps, M. Meneghini, M. Bertin, G. dal Santo, A. Stocco, A. Chini*, D. 
Marcon**, P.E. Malinowski**, G. Mura***, E. Musu***, M. Vanzi***, G. Meneghesso, E. Zanoni, 
University of Padova, *University of Modena e Reggio Emilia, **imec, ***University of Cagliari 
 
Within this paper, we present a new vertical AlGaN/GaN Schottky Barrier Diode (SBD) structure, that 
can be used to achieve a detailed description of the failure mechanisms occurring in AlGaN/GaN devices 
submitted to reverse-bias: thanks to the introduction of a n-GaN layer, the amplitude and distribution of 
the electric field on the AlGaN layer can be effectively controlled, thus being able to study the 
dependence of the degradation kinetics onthe applied field. Furthermore, on these devices capacitance-
voltage (C-V) analysis is used – for the first time - to identify the position of the defects generated after 
stress. 
 
 
10:20 a.m. 
13.4 On the Degradation of Field-Plate Assisted RESURF Power Devices, B. Boksteen, S. Dhar*, 
A. Ferrara, A. Heringa*, R. Hueting, G. Koops*, C. Salm, J. Schmitz, University of Twente, *NXP 
Semiconductors 
 
Hot-carrier degradation phenomena in field-plate assisted RESURF devices caused by high voltage off- 
and on-state stressing have been investigated. The device I-V characteristics have been analyzed and 
modeled allowing profiling of both hot-carrier induced trapped charge and interface damage localized at 
the drain, while temperature dependence predictions can be made. 
 
 
10:45 a.m. 
13.5 Fully Coupled Thermoelectroelastic Simulations of GaN Devices (Invited), M. Ancona, 
Naval Research Laboratory 
 
A fully coupled theory of electron transport in III-nitride devices with full coupling to mechanical and 
thermal fields is presented.  The theory is illustrated with a variety of numerical solutions to problems in 
the important application areas of RF device design and GaN HEMT reliability. 
 
 
11:10 a.m. 
13.6 Physics-Based GaN HEMT Transport and Charge Model: Experimental Verification and 
Performance Projection, U. Radhakrishna, L. Wei, D.-S. Lee, T. Palacios, D. Antoniadis, Massachusetts 
Institute of Technology 
 
GaN-based high electron mobility transistors (HEMTs) are rapidly emerging as front-runners in high-
power mm-wave circuit applications. For circuit design with current devices and to allow sensible future 
performance projections from device engineering in such a rapidly evolving technology, physics-based 
compact device models are essential. We have developed a new GaN HEMT model that accomplishes 
these goals. The model is based on the concept of the virtual-source charge and channel-injection-velocity 
that captures the essential FET device physics with a small number of device parameters that have 
straightforward physical meanings. The new model is calibrated and validated with experimental DC I-V 



and S-parameter measurements of fabricated devices. Using the model, a projection of fT of GaN-based 
HEMTs with scaling is performed to highlight performance bottlenecks. 
 
 
Luncheon 
 
Tuesday, December 11, 12:20 p.m. 
Grand Ballroom B 
 
Luncheon Presentation: Is the Fabless/Foundry Model Dead? We Don’t Think So. Long Live 

Foundry 2.0!  
Ajit Manocha, CEO, GLOBALFOUNDRIES, Inc. 

 
Industry experts and observers have predicted for a long time that the fabless model has some cracks in it, 
and may in fact be headed for extinction at some point.  We in the foundry industry dismissed such 
chatter as we continue to enjoy growth rates that outpace the overall semiconductor industry. But it 
wasn’t until an executive from – surprise – Intel – officially declared the fabless model is collapsing 
recently that many of us really got our feathers ruffled.  We firmly believe that the rumors of its death are 
greatly exaggerated. Evidence would seem to support that it is actually the IDM model which is dead, 
survived only by a very small number of anomalies that have either the financial wherewithal or 
stubbornness to continue down this path.  
 
The foundry-based fabless model is not going away, and moreover it is driving manufacturers and device 
designers closer together. But like all living organisms, especially those in electronics, we have to 
continue to evolve.  There are warning signs, both technical and economic, emerging in the foundry 
business that warrant our attention, and in fact require a re-thinking of how best to apply our resources 
and energy. Recent talks of fabless companies investing in their own fabs, and of foundries developing 
‘single company fabs’ underscore the sense of urgency. Clearly, we must change - Call it Foundry 2.0 
 
Unprecedented technical and business challenges have driven semiconductor manufacturing to this new 
fork in the road. On the one side is the option to ‘go it alone’, an option available to less than a handful of 
companies. The temptation here is to circle the wagons, dig deep into the bank and develop an optimized, 
but relatively closed, solution that will hopefully work for most every need. History has shown that closed 
systems rarely work. And for the majority of chip companies who rely on externally sourced 
manufacturing, that approach is becoming increasingly onerous, if not threatening. 
 
The second option is, ironically, a move toward a more IDM-like model. Strategic collaboration that 
creates a ‘virtual IDM-like interface’ to chip design companies will help further close the gap between 
process teams at the manufacturing companies and design teams at the fabless companies. With daunting 
technical challenges like 3D stacking, 450mm fabs, new transistor architectures, multi-patterning, and the 
long-term viability of extreme ultraviolet (EUV) lithography, collaboration – early, often and deep - is 
really the only practical approach given the cost and complexities involved. 
 
This talk will examine the evolution and future of the foundry model, the technical and business drivers 
reshaping the landscape, and how fabless and IDM companies must change their perspective on what has 
worked in the past. Trust and openness will be key differentiators, not casually-used buzzwords. Success 
will be a result of much closer joint development at the technology definition level, early engagement at 
architectural stage, and a more integrated and cooperative ecosystem – EDA, packaging companies IP 
suppliers. “Collaborative device manufacturing partnerships” will evolve that revise the true spirit of 
‘win-win’ on which the fabless/foundry models was initially based.  
 



Session 14: Circuit and Device Interaction - Analog/RF Circuits and Package Design 
Interaction 
Tuesday, December 11, 2:15 p.m. 
Grand Ballroom A 
Co-Chairs: Patrick Reynaert, University of Leuven 
  PR Chidi Chidambaram, Qualcomm 
 
2:15 p.m. 
Introduction 
 
2:20 p.m. 
14.1 High-Performance Integrated Fan-Out Wafer Level Packaging (InFO-WLP): Technology 
and System Integration, C. Liu, S.-M. Chen, F.-W. Kuo, H.-N. Chen, E.-H. Yeh, C.-C. Hsieh, L.-H. 
Huang, M.-Y. Chiu, J. Yeh, T.-S. Lin, T.-J. Yeh, S.-Y. Hou, J.-P. Hung, J.-C. Lin, C.-P. Jou, C.-T. Wang, 
S.-P. Jeng, D. Yu, Taiwan Semiconductor Manufacturing Company 
 
We introduce integrated fan-out wafer-level packaging (InFO-WLP) technology with state-of-the-art 
inductors (Q=42 and self-resonance frequency=16 GHz) for heterogeneous integration of digital and RF 
systems. In addition to superior form factor and thermal performance to flip-chip packaging, we illustrate 
InFO-WLP’s roles in enhancing circuit performance and lowering power consumption. 
 
 
2:45 p.m. 
14.2 Cooling Three-Dimensional Integrated Circuits Using Power Delivery Networks, H. Wei, T. 
Wu, D. Sekar**, B. Cronquist*, R.F. Pease, S. Mitra, Stanford University, *Monolithic 3D Inc., 
**Rambus 
 
We presented comprehensive analysis quantifies the impact of PDNs on the thermal profile of 3D ICs 
over a variety of 3D integration methods, application power density, and application temperature 
constraints. Moreover, we performed thermal analysis of a core-on-core design from OpenSPARC T1 
show it can be effectively cooled using PDNs. 
 
 
3:10 p.m. 
14.3 Analog and RF Circuits Design and Future Devices Interaction (Invited), A. Matsuzawa, 
Tokyo Institute of Technology 
 
This paper reviews and discusses the recent progress of analog and RF circuits design and the future 
devices interaction, focusing on the millimeter wave RF circuits and ADCs. With the scaling of CMOS 
technology, fT and fmax are increased. Using an advanced CMOS process and techniques such as the 
negative capacitance, the gain flattening, the accurate impedance matching using transmission lines, and 
the injection locking, a 60 GHz CMOS transceiver is realized. It attains 16 Gbps data transmission with 
the 16 QAM method. A dynamic comparator using a dynamic pre-amplifier with capacitive digital offset 
voltage compensation realizes a small mismatch voltage, low noise, low power, and low voltage operation 
without any static current. Flash ADCs and SAR ADCs using dynamic comparators have progressed. The 
interpolation method can ease the gain requirement for OpAmp in pipelined ADCs. The interconnection 
structure should be considered to realize low loss transmission lines and high density and large 
capacitance ratio MOM capacitors. 
 
3:35 p.m. 



14.4 A Highly Integrated 65-nm SoC Process with Enhanced Power/Performance of Digital and 
Analog Circuits, L. Clark, D. Zhao, T. Bakhishev, H. Ahn, E. Boling, M. Duane, K. Fujita*, P. Gregory, 
T. Hoffmann, M. Hori*, D. Kanai*, D. Kidd, S. Lee, Y. Liu, J. Mitani*, J. Nagayama*, S. Pradhan, P. 
Ranade, R. Rogenmoser, L. Scudder, L. Shifren, Y. Torii*, M. Wojko, Y. Asada*, T. Ema*, S. 
Thompson, SuVolta, Inc., *Fujitsu Semiconductor Ltd. 
 
Improved 65nm transistors fabricated with a halo-free, un-doped epitaxial channel, providing reduced VT 
variation and enhanced body effect and IEFF result in circuit benefits ranging from 47% power reduction 
to 38% frequency increase. Analog circuits exhibit 4x greater amplifier gain and improved matching 
despite lower VDD. 
 
 
4:00 p.m. 
14.5 Improving RF/Analog Performance of Multi-Gate Devices Through Multi-Dimensional 
Design Optimization with Awareness of Variations and Parasitics, Y. Liu, R. Huang, R. Wang, J. Ou, 
Y. Wang, Peking University 
 
With technology continuously scaling, multi-gate (MG) devices have attracted much attention due to 
better digital scalability. Yet the reported RF/analog performance is generally degraded due to severe 
parastics in the non-planar MG devices. In this paper, a new design optimization method is put forward, 
which can significantly improve the RF/analog performance of multi-gate devices with impacts of 
parasitic effects and process variations considered. The gate-all-around silicon nanowire transistors 
(SNWTs) is taken as an example, the RF/analog performance (including cutoff frequency (fT), 
transconductance efficiency (gm/Id), intrinsic gain (gm/gds), and comprehensive figure of merit (FOM)) are 
optimized by utilizing the proposed method. Through design optimization, SNWT can obtain higher fT 
compared with planar FETs. The optimized peak fT of SNWTs can approach the ITRS projection, 
manifesting the promising potential of SNWTs for high frequency circuit applications. The optimal 
regions of independent variable vector of SNWTs are given, which can provide useful guidelines for 
multi-gate device based circuit design. 
 
 
4:25 p.m. 
14.6 State-of-the-art Graphene Transistors on Hexagonal Boron Nitride, High-k, and Polymeric 
Films for GHz Flexible Analog Nanoelectronics, J. Lee, K. Parrish, F. Chowdhury, T.-J. Ha, Y. Hao, L. 
Tao, A. Dodabalapur, R. Ruoff, D. Akinwande, University of Texas, Austin  
 
We report state-of-the-art graphene transistors for flexible nanoelectronics with record current density, 
intrinsic gain, extrinsic frequency metrics, and the highest doubler conversion gain and power. In 
addition, current saturation, and robust electrical stability down to a record 0.7mm bending radius, and 
immersion in liquids were demonstrated for the first time. 
 
Session 15: Displays, Sensors, and MEMS - Micro and Nano-Mechanical Resonators 
Tuesday, December 11, 2:15 p.m. 
Continental Ballroom 1-3 
Co-Chairs: Mina Rais-Zadeh, University of Michigan 
  Ashwin Seshia, Cambridge University 
 
2:15 p.m. 
Introduction 
 
2:20 p.m. 



15.1 Deep Trench Capacitor Drive of a 3.3 GHz Unreleased Si MEMS Resonator, W. Wang, D. 
Weinstein, Massachusetts Institute of Technology 
 
We present the first unreleased MEMS resonators driven and sensed electrostatically with a Deep Trench 
capacitors, with the highest Q of any Si unreleased MEMS resonator to date. A 3.3 GHz unreleased Si 
resonator is demonstrated with quality factor Q of over 2000 and motional impedance Rx of 1.2 kΩ. 
 
 
2:45 p.m. 
15.2 Resonant-Body Silicon Nanowire Field Effect Transistor without Junctions, S.T. Bartsch, C. 
Dupré*, E. Ollier*, A.M. Ionescu, EPFL, *CEA-LETI, Minatec 
 
We demonstrate, for the first time, the implementation of a highly doped silicon nanowire 
electromechanical resonator that exploits the depletion charge modulation in a junctionless FET to 
transduce mechanical motion on-chip. A fundamental resonance frequency of 226 MHz is detected in the 
drain current. The device is fully integrated in an FD-SOI-CMOS platform using conventional 8" inch 
wafer technology. 
 
 
3:10 p.m. 
15.3 Large-Scale Assembly of Tunable Resonant-Body Carbon Nanotube Transistors without 
Hysteresis, J. Cao, S. Bartsch, A.M. Ionescu, EPFL 
 
We report the large-scale fabrication and characterization of self-aligned very-high frequency (VHF) 
resonant-body carbon nanotube field-effect transistors (RB-CNTFETs) in a dual-gate configuration. For 
the first time, high density of >106 RB-CNTFETs/cm2, a yield of ~80% and nano-precision have been 
achieved together. Electrical actuation/detection and novel in situ upward/downward resonance frequency 
tuning are reported at room temperature. Hysteresis-free RB-CNTFETs with negligible contamination 
have been demonstrated by chemical/thermal treatments. The experimentally reported RB-CNTFETs 
offer promising features for both radio-frequency and ultra-high resolution sensing applications. 
 
 
3:35 p.m. 
15.4 VLSI Platform for the Monolithic Integration of Single-Crystal Si NEMS Capacitive 
Resonators with Low-Cost CMOS, J. Arcamone, M. Savoye, G. Arndt, J. Philippe, C. Marcoux, E. 
Colinet, L. Duraffourg, T. Magis, M. Laurens*, A. Monroy-Aguirre*, P. Mazoyer*, P. Ancey*, P. Robert, 
E. Ollier, CEA-LETI, Minatec, *STMicroelectronics 
 
This work constitutes the first demonstration of monolithic integration of single-crystal silicon capacitive 
NEMS resonators with CMOS. With this approach, the efficiency of the electrical detection of the NEMS 
motion is outstanding and achieved with only seven transistors that are fabricated with a completely 
unmodified and very low-cost 0.35µm standard CMOS technology. 
 
 
4:00 p.m. 
15.5 Monolithic Integration of GaN-Based Micromechanical Resonators and HEMTs for Timing 
Application, A. Ansari, V. Gokhale, J. Roberts*, M. Rais-Zadeh, University of Michigan, *Nitronex 
Corporation 
 
GaN-based MEMS resonators with very high quality factors and high power handling capability have 
been reported. AlGaN/GaN HEMTs are also used in high-power, high-frequency applications. Thus, the 



integration of GaN micromechanical resonators and AlGaN/GaN HEMTs makes a perfect combination 
for resonant sensing at high powers and in harsh environments, where silicon performance falls short. In 
this work, we aimed at demonstrating intimate integration of high-frequency GaN MEMS and HEMTs. 
As a proof of concept, we co-fabricated cascade of a two-port GaN contour-mode resonator and an 
AlGaN/GaN HEMT. The output signal of the piezoelectrically actuated resonator was amplified using the 
HEMT and tuning of about 40 dB was achieved in this configuration. 
 
 
4:25 p.m. 
15.6 Weighted Electrode Configuration for Electromechanical Coupling Enhancement in a New 
Class of Micromachined Lithium Niobate Laterally Vibrating Resonators, S. Gong, G. Piazza, 
Carnegie Mellon University 
 
This paper reports on the design, fabrication and experimental verification of a weighted electrode 
configuration for the enhancement of the electromechanical coupling (kt

2) in a new class of 
micromachined Lithium Niobate (LN) laterally vibrating resonators. The kt

2 of these LN resonators is 
more than doubled with respect to conventional interdigitated (IDT)  electrode configurations (Fig. 1), 
achieving  a value of kt

2 for a device orientation of 50° to +Y axis on X-cut plane, of 10.5 % -- the highest 
ever demonstrated in spurious-free laterally vibrating resonators. The kt

2 demonstrated herein surpasses 
commercially available Aluminum Nitride (AlN) FBAR resonators (kt

2=6.5%) and attains such high value 
in a device topology that enables multi-frequency operation on the same chip.  Similarly to AlN contour-
mode resonators (CMR) [1], this new class of LN devices permits lithographic definition of multiple 
frequencies on the same die. Differently from the AlN CMR, and for the first time, it attains kt2 that meet 
the requirements of commercial bands. kt

2 in fact directly determines the maximum fractional bandwidth 
and insertion loss of filter formed by mechanical resonators (Fig.2). Therefore, a high kt

2 and multi-
frequency device such as the LN thin film technology of this workcan be used to form filters covering all 
the existing communication standards and potentially offer unprecedented adaptive frequency response on 
a chip scale for future radio frequency (RF) standards. 
 
Session 16: Nano Device Technology - Ge and InAs – Based Novel FETs 
Tuesday, December 11, 2:15 p.m. 
Continental Ballroom 4 
Co-Chairs: Mari Ohfuchi, Fujitsu Labs 
  Paolo Lugli, TUM 
 
2:15 p.m. 
Introduction 
 
2:20 p.m. 
16.1 Physical Mechanism Determining Ge p- and n-MOSFETs Mobility in High Ns Region and 
Mobility Improvement by Atomically Flat GeOx/Ge Interfaces, R. Zhang, P.C. Huang, J.-C. Lin, M. 
Takenaka, S. Takagi, University of Tokyo 
 
The degradation mechanism of mobility of Ge MOSFETs in high Ns region, which is commonly observed 
and restricts the application of high mobility Ge channels, is still not clear yet. In this study, Hall 
measurements were carried out to systematically study the degradation mechanism of the mobility in both 
Ge p- and n-MOSFETs with different substrate orientations and interface qualities. It is revealed that the 
effective mobility in Ge MOSFETs is significantly reduced in high normal field (Ns) through the loss of 
carrier density in the channels of p- and n-MOSFETs due to interface states inside the valence band (VB) 
and conduction band (CB), respectively. In addition, surface roughness scattering is also a dominant 
factor of the mobility degradation of Ge p- and n-MOSFETs. It is found that RT plasma post oxidation 



can realize an atomically flat GeOx/Ge interface between Al2O3 and Ge, which significantly reduces the 
GeOx/Ge interface roughness and provides record high mobility in the Ge p- and n-MOSFETs in the high 
normal field (Ns) region. This result is the first demonstration of the effective electron mobility in Ge 
nMOSFETs higher than the Si universal one in both low and high normal field (Ns) region. 
 
 
2:45 p.m. 
16.2 Towards High Mobility GeSn Channel nMOSFETs: Improved Surface Passivation Using 
Novel Ozone Oxidation Method, S. Gupta, B. Vincent*, B. Yang**, D. Lin*, F. Gencarelli*, J.-Y. Lin, 
R. Chen, O. Richard*, H. Bender*, B. Magyari-Köpe, M. Caymax*, J. Dekoster*, Y. Nishi, K. Saraswat, 
Stanford University, *IMEC, **GLOBALFOUNDRIES 
 
In this work, we first present a detailed theoretical analysis to motivate GeSn for CMOS logic. High 
quality GeSn films have been realized on Ge-on-Si using a CVD process. A novel surface passivation 
scheme is presented to achieve record low trap densities at high-ĸ/GeSn interface. Using the novel surface 
passivation method, combined with a low thermal budget device fabrication process, n-channel 
MOSFETs on GeSn with channel Sn content as high as 8.5% have been demonstrated for the first time. 
 
 
3:10 p.m. 
16.3 Towards Direct Band-to-Band Tunneling in P-Channel Tunneling Field Effect Transistor 
(TFET): Technology Enablement by Germanium-Tin (GeSn), Y. Yang, S. Su*, P. Guo, W. Wang, X. 
Gong, L. Wang, K.L. Low, G. Zhang*, C. Xue*, B. Cheng*, G. Han, Y.-C. Yeo, National University of 
Singapore, *Chinese Academy of Sciences 
 
In this work, we report the first GeSn pTFET with high drive current achieved. The incorporation of Sn 
shifts the Г valley down, increasing direct BTBT rate, and enables a high on-state current. N-type dopant 
activation temperature can be reduced in GeSn as compared to Ge, and dopant diffusion is suppressed, for 
realizing high quality N+/N- GeSn tunneling junction for pTFET application. GeSn has a smaller band-
gap EG and higher hole mobility than Ge.  GeSn pTFETs with improved drive current over Ge pTFETs 
are realized. 
 
 
3:35 p.m. 
16.4 First Experimental Ge CMOS FinFETs Directly on SOI Substrate, C.-T. Chung, C.-W. 
Chen, J.-C. Lin, C.-C. Wu, C.-H. Chien, G.-L. Luo*, National Chiao Tung University, *National Nano 
Device Laboratories 
 
High-performance Ge CMOS FinFETs directly on thin silicon on insulator (SOI) wafer are demonstrated. 
For the first time, NFET of Lchannel =120nm and Fin width=40nm with high Ion/Ioff ratio (>105), excellent 
drain induced barrier lowering (DIBL) (110mV/V) and subthreshold swing (S.S) (144mV/dec) has been 
shown. Both Ge n- and p-channel FinFETs with multi-fins have been achieved. Even the NFET of Lchannel 
=90nm exhibits a pretty well on-off behavior after forming gas annealing. 
 
 
4:00 p.m. 
16.5 High Mobility High-κ-All-Around Asymmetrically-Strained Germanium Nanowire Trigate 
p-MOSFETs, W. Chern, P. Hashemi, J. Teherani, T. Yu, Y. Dong**, G. Xia**, D. Antoniadis, J. Hoyt, 
MIT Microsystem Technology Laboratories, *Now with IBM, TJ Watson Research Center, **University 
of British Columbia Vancouver,  
 



We demonstrate for the first time, asymmetrically strained Ge, high-k/metal gate nanowire (NW) trigate 
p-MOSFETs with record hole mobility of 1490 cm2/Vs.  This mobility is 2x above on-chip biaxially 
strained Ge FETs, in agreement with 6x6 k.p quantum mechanical simulations of the effective mass, and 
~15x above Si universal mobility. 
 
 
4:25 p.m. 
16.6 InAs-Si Heterojunction Nanowire Tunnel Diodes and Tunnel FETs (Invited), H. Riel, K.E. 
Moselund, C. Bessire, M.T. Björk, A. Schenk*, H. Ghonein, H. Schmid, IBM Research, Zurich, *ETH, 
Zurich 
 
We have demonstrated InAs-Si vertical heterojunction NW tunnel diodes with record high currents of 6 
MA/cm2 at 0.5 V in reverse bias and TFETs with 2.4 μA/μm, Ion/Ioff  106 and a slope of 150 mV/dec over 
3 decades. The achieved improvements can be attributed to increased NW doping and Ni alloying 
of the top contact. 
 
Session 17: Modeling and Simulation - Simulation of Nanoscale Devices and 2D Materials 
Tuesday, December 11, 2:15 p.m. 
Continental Ballroom 5 
Co-Chairs: Massimo Rudan, University of Bologna 
  Jung Guo, University of Florida 
 
2:15 p.m. 
Introduction 
 
2:20 p.m. 
17.1 Towards Atomistic Simulations of the Electro-Thermal Properties of Nanowire Transistors 
(Invited), M. Luisier, ETH Zürich 
 
Taking power dissipation into account while simulating nanoscale transistors requires a quantum 
transport approach. To deliver accurate electro-thermal results the electron and phonon population must 
be simultaneously driven out-of-equilibrium. However, coupling electro-thermal transport at a quantum 
mechanical level represents a real computational challenge. In this paper, the basic steps to achieve this 
goal in nanowires will be presented. 
 
 
2:45 p.m. 
17.2 Current Fluctuation in Sub-Nano Second Regime in Gate-All-Around Nanowire Channels 
Studied with Ensemble Monte Carlo/Molecular Dynamics Simulation, T. Kamioka, H. Imai, Y. 
Kamakura*, K. Ohmori**, K. Shiraishi**, M. Niwa**, K. Yamada**, T. Watanabe, Waseda University, 
*Osaka University, **University of Tsukuba 
 
The impact of current fluctuation due to discreteness in carrier numbers on high-frequency noise 
amplitudes is numerically investigated, focusing on the comparison to the the impact of a single trapped 
charge in the oxide layer for gate-all-around nanowire (GAA NW) structures. The variations in the 
amount of the charge transporting through the channel within a single clock cycle are estimated under 
carrier-carrier and carrier-phonon scattering, clearly showing a universality with respect to the total 
amount of the transported charge. It concludes that the current fluctuation becomes a dominant noise 
source around 100 GHz. 
 
 



3:10 p.m. 
17.3 Insights on Radio-Frequency Bilayer Graphene FETs, G. Fiori, G. Iannaccone, Università di 
Pisa 
 
40-nm FETs with bilayer graphene channel can exhibit ƒT and ƒMAX in the THz range, if structures are 
optimized in terms of contact resistance, electrostatics, and backgate bias. Quantum atomistic simulations 
show that the performance boosters are the small bilayer graphene bandgap and the electrostatic doping 
induced by the backgate. 
 
 
3:35 p.m. 
17.4 A Computational Study of Metal-Contacts to Beyond-Graphene 2D Semiconductor 
Materials, J. Kang, D. Sarkar, W. Liu, D. Jena*, K. Banerjee, University of California, Santa Barbara, 
*University of Notre Dame 
 
Among various 2D materials, monolayer transition-metal dichalcogenides (TMDs) with intrinsic band 
gaps (1.1-2.2eV) are considered as promising candidates for next generation electronics. For applicability 
of these novel materials as transistors, a comprehensive understanding of the contacts is an absolute 
necessity, which is lacking at present. In this paper, we report a systematic study on metal-TMD contacts 
with different contact geometries (end-contacts and side-contacts) by ab-initio density functional theory 
(DFT) calculations. Particularly, contacts between Au, In or Ti, and monolayer MoS2 or WSe2 are 
studied, respectively, including optimized geometries, partial density of states (PDOS), electron densities 
and tunnel barriers. Among the side-contacts to MoS2, Ti shows the potential to form the best contacts, 
while for WSe2, all the three metals form Schottky contacts, the barrier being lowest for In. We also find 
that the end-contacts can be highly advantageous compared to side-contacts due to overlap of atomic 
orbitals, high PDOS, high electron densities and absence of tunnel barriers. Our modeling and simulation 
framework and results provide necessary suggestions for novel 2D semiconductor device design and 
fabrication. 
 
 
4:00 p.m. 
17.5 Impact of Quasi-Ballistic Phonon Transport on Thermal Properties in Nanoscale Devices: A 
Monte Carlo Approach, K. Kukita, I. Adisusilo, Y. Kamakura, Osaka University 
 
We demonstrate Monte Carlo simulations for phonon transport in nanoscale Si devices including FinFET, 
and investigate the impact of quasi-ballistic transport on the heat conduction properties. The conventional 
method based on Fourier law significantly overestimates the heat flux from the Fin edge to the meal 
contact, which may result in the underestimation of the hot spot temperature. 
 
 
4:25 p.m. 
17.6 Performance Comparison of III-V MOSFETs with Source Filter for Electron Energy, K.-T. 
Lam, Y.-C. Yeo, G. Liang, National University of Singapore 
 
We evaluated the performances of two high-energy-electrons filtering MOSFET designs, the superlattice 
source-extension (SL) MOSFET and the p+/n+ source-junction (p+n+) MOSFET, using the full-band tight-
binding model.  GaAs and In0.53Ga0.47As heterojunctions are used and the use of full-band model provides 
a more in-depth realistic analysis of the devices.  Our optimised SL-MOSFET and p+n+ MOSFET achieve 
ION = 0.81 and 0.60mA/μm, SS = 20.9 and 23.1mV/dec. VDS=0.6V, respectively. 
 
Session 18: Process Technology - FinFET, ETSOI and Advanced Process Technologies 



Tuesday, December 11, 2:15 p.m. 
Continental Ballroom 6 
Co-Chairs: Stephane Monfray, STMicroelectronics 
  Perrine Batude, CEA Leti, Minatec 
 
2:15 p.m. 
Introduction 
 
2:20 p.m. 
18.1 High Performance Extremely Thin SOI (ETSOI) Hybrid CMOS with Si Channel NFET 
and Strained SiGe Channel PFET, K. Cheng, A. Khakifirooz, N. Loubet*, S. Luning**, T. 
Nagumo***, M. Vinet^^, Q. Liu*, A. Reznicek, T. Adam, S. Naczas, P. Hashemi, J. Kuss, J. Li, H. He, 
L. Edge, J. Gimbert*, P. Khare*, Y. Zhu, Z. Zhu, A. Madan, N. Klymko, S. Holmes, T.M. Levin, A. 
Hubbard, R. Johnson, M. Terrizzi, S. Teehan, A. Upham, G. Pfeiffer, T. Wu, A. Inada***, F. Allibert^, 
B.-Y. Nguyen^, L. Grenouillet^^, Y. Le Tiec^^, R. Wacquez^^, W. Kleemeier*, R. Sampson*, R.H. 
Dennard, T.H. Ning, M. Khare, G. Shahidi, B. Doris, IBM, *STMicroelectronics, 
**GLOBALFOUNDRIES, ***Renesas, ^Soitec, ^^CEA-LETI 
 
For the first time, we report high performance hybrid channel ETSOI CMOS by integrating strained 
SiGe-channel (cSiGe) PFET with Si-channel NFET at 22nm groundrules.  We demonstrated high speed 
ring oscillator (FO = 3) with a record low delay of 11.2 ps/stage at VDD = 0.7V, outperforming state-of-
the-art finFET.  A novel “STI-last” integration scheme is developed to overcome the cSiGe non-
uniformity issue and to enable ultra high performance narrow width PFET. Vt modulation by cSiGe 
provides an additional knob to enable multi-Vt while maintaining undoped channel for all devices. 
 
 
2:45 p.m. 
18.2 Phosphorus Doped SiC Source Drain and SiGe Channel for Scaled Bulk FinFETs, M. Togo, 
J.W. Lee, L. Pantisano, T. Chiarella, R. Ritzenthaler, R. Krom*, A. Hikavvy, R. Loo, E. Rosseel, S. Brus, 
J.W. Maes**, V. Machkaoutsan**, J. Tolle**, G. Eneman, A.D. Keersgieter, G. Boccardi, G. Mannaert, 
S.E. Altamirano, S. Locorotondo, M. Demand. N. Horiguchi, A. Thean, imec, *K.U. Leuven, **ASM 
 
A P-SiC (Phosphorus doped Si1-xCx) SD (Source Drain) was developed on bulk-Si based nMOS FinFETs 
(n-FinFETs). P-SiC epitaxial growth on SD provides strain to boost n-FinFET mo-bility and drive 
current. Combination of LA (Laser Anneal) and low temperature RTA recovers P-SiC and P-Si 
(Phosphorus doped Si, Si1-xPx) strain. A SiGe clad channel on pMOS FinFETs (p-FinFETs) was in-
vestigated. Narrower Si fin and SiGe epitaxial growth on fins increase mobility, which is based on the 
same carrier transport mechanism as conventional phonon scattering without velocity overshoot around 
14nm node. 
 
 
3:10 p.m. 
18.3 Is Strain Engineering Scalable in FinFET Era? : Teaching the Old Dog Some New Tricks, 
A. Nainani, S. Gupta, V. Moroz*, M. Choi*, Y. Kim, Y. Cho, J. Jelatos, T. Manderkar, A. Brand, E.X. 
Ping, M. Abraham, K. Schuegraf, Applied Materials, *Synopsys 
 
Strain technology has been a key enabler for improving transistor performance in the past decade. With 
the industry moving towards a 3-D FinFET structure from a planar MOSFET, the corresponding 
implications on stressor design needs to be analyzed afresh due to strong orientation dependence of stress 
enhancements. Moreover, as the transistor pitch scales down, the stressor volume reduces in proportion 
raising questions over scalability of the stressors on a whole. In this work we have tried to address both 



issues; stressor design for FinFETs and scalability of corresponding stress enhancements. We have 
studied the effect of (a) S/D epitaxy : SiGe / Si:C for P/NMOS (b) Gate metal fill which wraps around the 
fin (e.g. TiN/W fill) (c) Metal fill for the trench contact (e.g. W) and (d) STI fill (e.g. using flowable CVD 
oxide. We found that the S/D epi remains an effective and scalable source of strain engineering for 
FinFETs. Contact and gate metals provide new knobs for engineering strain in FinFETs and remain 
effective with conservative scaling of contact/gate CD. 
 
 
3:35 p.m. 
18.4 Impact of Through Silicon Via Induced Mechanical Stress on Fully Depleted Bulk FinFET 
Technology, W. Guo, G. Van der Plas, A. Ivankovic, V. Cherman, G. Eneman, B. De Wachter, M. Togo, 
A. Redolfi, S. Kubicek, Y. Civale, T. Chiarella, B. Vandevelde, K. Croes, I. De Wolf*, I. Debusschere, A. 
Mercha, A. Thean, G. Beyer, B. Swinnen, E. Beyne, IMEC, *KU Leuven 
 
This work provides for the first time an experimental assessment of the impact of thermo-mechanically 
induced stresses by copper through-silicon vias, TSVs, on fully depleted Bulk FinFET devices. Both n 
and p type FinFETs are significantly affected by TSV proximity, exhibiting different sensitivity with 
respect to the planar devices. 
 
4:00 p.m. 
18.5 Opportunities and Challenges in Device Scaling by the Introduction of EUV Lithography 
(Invited), K. Ronse, P. De Bisschop, G. Vandenberghe, E. Hendrickx, R. Gronheid, A. Vaglio Pret, A. 
Mallik, D. Verkest, A. Steegen, imec 
 
EUV lithography is generally considered as the technology to take over from 193nm immersion 
lithography, but has been delayed due to a number of critical problems that remain to be solved.  The 
purpose of this paper is to illustrate the improvements in process complexity and cycle time, reduced 
design restrictions and reduced processing costs in case EUVL would be available for the 14nm logic 
node and beyond.  We have shown that the readiness of EUVL is critical to keep scaling the logic devices 
following the pace of Moore’s law, continuing the performance improvements of the devices at an 
acceptable processing cost and cycle time, still allowing sufficient freedom to the system designers in 
terms of design restrictions. 
 
 
4:25 p.m. 
18.6 Effective Schottky Barrier Height Modulation using Dielectric Dipoles for Source/Drain 
Specific Contact Resistivity Improvement, K.-W. Ang, K. Majumdar, K. Matthews, C.D. Young, C. 
Kenney, C. Hobbs, P.D. Kirsch, R. Jammy, R.D. Clark*, S.Consiglio*, K. Tapily*, Y. Trickett*, G. 
Nakamura*, C.S. Wajda*, G.J. Leusink*, M. Rodgers**, S.C. Gausepohl**, SEMATECH, *TEL 
Technology Center America, LLC, **College of Nanoscale Science and Engineering 
 
We demonstrate statistically significant data for specific contact resistivity (rho-c) of sub-10-8Ω-cm2 and 
sub-2x10-8Ω-cm2 for N-type and P-type Si respectively on 300mm wafer by introducing ultra-thin ALD 
high-k dielectric layer(s) between the metal and Si. A 6-terminal Cross-Bridge Kelvin (6T-CBK) structure 
was used for the extraction to achieve excellent resolution in this small rho-c range. With the help of 
measurements from multiple dielectric stacks and Non-Equilibrium Green’s Function (NEGF) based 
quantum transport calculations, we clearly show that the suppression of evanescent metal induced gap 
states (MIGS) and formation of interface dipole play significant role to reduce the rho-c as long as the 
tunneling resistance of the dielectric stack is small. Finally, transient response, break down mechanism 
and technology benchmarking are discussed which show promise for sub-14nm node applications. 
 



 
4:50 p.m. 
18.7 Ti Impact in C-doped Phase-Change Memories Compliant to Pb-Free Soldering Reflow, L. 
Perniola, P. Noé, Q. Hubert, S. Souiki, G. Ghezzi, G. Navarro, A. Cabrini*, A. Persico, V. Delaye, D. 
Blachier, J.-P. Barnes, E. Henaff, M. Tessaire, E. Souchier, A. Roule, F. Fillot, J. Ferrand, A. Fargeix, F. 
Hippert**, J.-Y. Raty***, C. Jahan, V. Sousa, G. Torelli*, S. Maitrejean, B. De Salvo, G. Reimbold, 
CEA-LETI, Minatec, *Università di Pavia, **LMPG and LNCMI-CNRS, ***University of Liège 
 
A thorough physico-chemical analysis of a PCM stack is presented to address the soldering reflow issue. 
The integration of C-doping coupled to Ti top layer allows to obtain a phase stable against BEOL thermal 
budget and so to use a novel pre-coding technique compliant to the Pb-free soldering reflow issue. 
 
4:15 p.m. 
18.8 High On/Off-Ratio P-Type Oxide-Based Transistors Integrated onto Cu-Interconnects for 
On-Chip High/Low Voltage-Bridging BEOL-CMOS I/Os, H. Sunamura, K. Kaneko, N. Furutake, S. 
Saito, M. Narihiro, N. Ikarashi, M. Hane, Y. Hayashi, LSI Research Laboratory, Renesas Electronics 
Corporation 
 
A thorough physico-chemical analysis of a PCM stack is presented to address the soldering reflow issue. 
The integration of C-doping coupled to Ti top layer allows to obtain a phase stable against BEOL thermal 
budget and so to use a novel pre-coding technique compliant to the Pb-free soldering reflow issue. 
 
Session 19: Characterization, Reliability, and Yield - Noise and Characterization 
Tuesday, December 11, 2:15 p.m. 
Continental Ballroom 7-9 
Co-Chairs: Renichi Yamada, Hitachi Ltd. 
  Gianluca Boselli, Texas Instruments Inc. 
 
2:15 p.m. 
Introduction 
 
2:20 p.m. 
19.1 Statistical Measurement of Random Telegraph Noise and Its Impact in Scaled-Down High-
k/Metal-Gate MOSFETs (Invited), H. Miki, N. Tega, M. Yamaoka, D.J. Frank*, A. Bansal*, M. 
Kobayashi*, K. Cheng*, C.P. D'Emic*, Z. Ren*, S. Wu**, J-B. Yau*, Y. Zhu*, M.A. Guillorn, D.-G. 
Park*, W. Haensch*, E. Leobandung, K. Torii, Hitachi, Ltd., *T.J. Watson research Center, IBM Corp., 
**SRDC East Fishkill, IBM Corp. 
 
Analyses of RTN in scaled-down FETs with HKMG are pre-sented, using a multiple trap HMM 
algorithm to extract the statistical RTN parameters. We show that although HKMG and undoped channels 
tend to reduce RTN, it could still be a serious threat to 14-nm low-power circuits. Temporal aspects of 
RTN induce hysteretic effects including short-term degradation and recovery phenomena similar to BTI 
and logic-delay uncertainty.  The observation of RTN effects in SRAM is also discussed. 
 
2:45 p.m. 
19.2 The Understanding of Multi-level RTN in Trigate MOSFETs Through the 2D Profiling of 
Traps and Its Impact on SRAM Performance: A New Failure Mechanism Found, E.R. Hsieh, Y.L. 
Tsai, S. Chung, C.H. Tsai*, R.M. Huang*, C.T. Tsai*, National Chiao Tung University, *United 
Microelectronics Corp. 
 



The impact of multi-level RTN on SRAM bas been experimentally demonstrated on both planar and 
trigate devices. First, to study multi-level RTN, a simple experimental method has been developed to do 
the 2D profiling of multi-trap in both depth(vertical) and channel(lateral) directions in the gate oxide. 
Then, the role of traps in the switching of SRAM was examined. Results show that these multi-trap will 
degrade RSNM (read static noise margin), as well as cause transition failure in SRAM operations. This is 
the first being observed and reported that will be considered as a major criterion in the future low voltage 
design of SRAM. 
 
 
3:10 p.m. 
19.3 New and Critical Aspects of 1/f Noise Variability in Advanced CMOS SoC Technologies, P. 
Srinivasan, S. Dey, Texas Instruments 
 
New and critical aspects of flicker (1/f) noise variability dependence to (i) process halo doping (ii) voltage 
bias and (iii) oxide thickness are presented. In addition, the effect of narrow width on noise variability and 
non-1/f conditions due to ultra-small geometries are also studied. A new compact model which captures 
the noise variability under all the above conditions has been developed and integrated into SPICE. The 
proposed model provides realistic design margins leading to improved noise yield in low power 
analog/RF circuits for System-on-Chip (SoC) applications. 
 
 
3:35 p.m. 
19.4 AC Transconductance: A Novel Method to Characterize Oxide Traps in Advanced FETs 
without a Body Contact, X. Sun, N. Xu*, F. Xue**, A. Alian***, F. Andrieu^, B. Nguyen^^, T. 
Poiroux^, O. Faynot^, J. Lee**, S. Cui, T. Ma, Yale University, *University of California, Berkeley, 
**University of Texas, Austin, ***IMEC, ^CEA-LETI, Minatec, ^^Soitech 
 
A novel ac transconductance method for oxide trap characterization is introduced, validated and 
demonstrated on two advanced FETs without a body contact, including Si Ultra-Thin-Body and BOX 
(UTBB) Fully Depleted (FD) SOI MOSFETs and InGaAs MOSFETs. The proposed method can extract 
the energy and spatial distributions of oxide traps in a variety of device structures, gate areas, and channel 
materials. 
 
 
4:00 p.m. 
19.5 New Observations on AC NBTI Induced Dynamic Variability in Scaled High-k/Metal-gate 
MOSFETs: Characterization, Origin of Frequency Dependence, and Impacts on Circuits, C. Liu, P. 
Ren, R. Wang*, R. Huang, J. Ou, Q. Huang, J. Zou, J. Wang*, J. Wu*, S. Yu*, H. Wu*, S.-W. Lee*, Y. 
Wang, Peking University, *Semiconductor Manufacturing International Corporation 
 
The frequency dependence of the dynamic variation induced by AC NBTI aging in scaled high-k/metal-
gate devices are experimentally studied for the first time. Challenges in comprehensively characterizing 
AC NBTI induced variation are addressed by the modified method. The additional variation source in AC 
NBTI, originating from the variations among each AC clock cycle, is found to be non-negligible and thus 
should be included in predicting circuit stability. With increasing AC frequency, the mean value of the 
Vth shift (∆Vth) is reduced as expected; however, the variation of ∆Vth is almost unchanged, which 
surprisingly disagrees with the conventional model predicting the reduced variation. The origin of this 
new observation is found due to the competitive impacts of the activated trap number and the trap 
occupancy probability during device aging. Taken clock-CCV and frequency dependence into account, 
the impacts of AC NBTI on the SRAM cell stability can be evaluated in terms of both degradation and 
variation. The results are helpful for the future variability-aware circuit design. 



 
 
4:25 p.m. 
19.6 On the Microscopic Origin of the Frequency Dependence of Hole Trapping in pMOSFETs, 
T. Grasser, H. Reisinger*, K. Rott*, M. Toledano-Luque**, B. Kaczer**, TU Wien, *Infineon, **imec 
 
In order to better understand the controversial frequency dependence of NBTI, we study the frequency 
dependence of hole capture on individual defects by extending the time-dependent defect spectroscopy 
(TDDS) to the AC case.  The frequency dependence in our experimental data clearly confirms that hole 
capture must occur via an intermediate metastable state. Interestingly, the metastable state we have 
introduced to explain the DC-TDDS data also fully explains the AC-TDDS case. 
 
Session 20: Memory Technology -  Resistive RAM 
Tuesday, December 11, 2:15 p.m. 
Imperial Ballroom 
Co-Chairs: Barbara De Salvo, CEA-LETI 
  Bogdan Govoreanu, imec 
 
2:15 p.m. 
Introduction 
 
2:20 p.m. 
20.1 Microscopic Understanding and Modeling of HfO2 RRAM Device Physics (Invited), L. 
Larcher, A. Padovani, O. Pirrotta, L. Vandelli, G. Bersuker*, DISMI Università di Modena e Reggio 
Emilia, *SEMATECH 
 
Resistive memory (RRAM) devices based on hafnium oxide (HfO2) are a promising non-volatile memory 
technology. Optimizing the materials (oxide stoichiometry, etc..) and the device structure (multiple 
stacks, metal interfaces, etc)  for ensuring reliable operations of RRAM devices requires a deep 
understading of the microscopic properties of the conductive filament created during the initial forming 
operation, which sets the initial conditions for reliable switching (which is related to the the partial 
disruption and reconstruction of the CF), retention and endurance. Despite several material and stacks 
proposed, a consistent quantitative description of the physical mechanisms govering all the RRAM 
operations has not been presented yet. In this study, we will propose a consistent physical description 
strictly related to chemical/atomistic properties of the material which allows explaining microscopic 
features of forming, set and reset operations,including the charge transport across hafnia, oxygen ion 
migration, shape and profile of the CF. 
 
 
2:45 p.m. 
20.2 Physics in Designing Desirable ReRAM Stack Structure -Atomistic Recipes Based on 
Oxygen Chemical Potential Control and Charge Injection/Removal-, K. Kamiya, M.Y. Yang, B. 
Magyari-Köpe*, M. Niwa, Y. Nishi*, K. Shiraishi, University of Tsukuba, *Stanford University 
 
We clarify the importance of three-layers ReRAM stack-structures and provide guidelines for further 
optimization by both charge injection/removal and oxygen chemical potential. We determine atomistic 
structures in ON-OFF switching of ReRAMs using ab initio calculations. The cohesion-isolation of 
oxygen vacancies is found to be a strong driving force in the ON-OFF switching in oxide-based 
ReRAMs, and this phase transition can be controlled by both the charge injection/removal and the O 
chemical potential. Based on this concept, we propose universal guidelines for designing desirable 
ReRAM stack structures by introducing a VO barrier layer. 



 
 
3:10 p.m. 
20.3 Understanding of the Endurance Failure in Scaled HfO2-Based 1T1R RRAM Through 
Vacancy Mobility Degradation, Y. Chen, R. Degraeve, S. Clima, B. Govoreanu, L. Goux, A. Fantini, 
G.S. Kar, G. Pourtois, G. Groeseneken, D. Wouters, M. Jurczak, imec 
 
In this study, we investigated the three most important reliability aspects of RRAM devices: endurance, 
un-cycled and post-cycling retention on our 40nm × 40nm cross-bar HfO2 / Hf 1T1R devices. We also 
explain the failure mechanisms based on advanced electrical characterization of stressed cells. 
 
 
3:35 p.m. 
20.4 Real-Time Study of Switching Kinetics in Integrated 1T/ HfOx 1R RRAM: Intrinsic 
Tunability of Set/Reset Voltage and Trade-off with Switching Time, S. Koveshnikov, K. Matthews, 
K. Min*, D.C. Gilmer, M.G. Sung, S. Deora, H.F. Li**, S. Gausepoh**, P.D. Kirsch, R. Jammy, 
SEMATECH, *Intel Corporation, **University at Albany 
 
We have developed novel real-time methodology to determine intrinsic forming and switching 
characteristics of HfOx based RRAM. Elimination of parasitics in 50nm x 50nm cross-bar 1T1R devices 
(Cp< 50fF) integrated on 300mm wafers using fab-friendly TiN electrodes enabled superior control of 
high and low resistance of a conductive filament (CF). Sub 50fF parasitics also critically enable a pulsed 
forming method compatible with high volume manufacturing (HVM). A novel assessment of RRAM 
operation trade-offs is also made. For example, the trade off in set/reset voltage tuning, variability, current 
and speed is determined. These trade-offs are significant to quantitatively assess intrinsic potential and 
limitations of HfOx based RRAM for future memory applications. 
 
 
4:00 p.m. 
20.5 Electrode/Oxide Interface Engineering by Inserting Single-Layer Graphene: Application 
for HfOx–Based Resistive Random Access Memory, H.-Y. Chen, H. Tian*, B. Gao, S. Yu, J. Liang, J. 
Kang***, Y. Zhang**, T.-L. Ren*, H.-S. P. Wong, Stanford University, *Tsinghua University, 
**Lawrence Berkeley National Laboratory, ***Peking University 
 
In this paper, electrode/oxide interface with inserted single-layer graphene (SLG) is studied using Ramen 
spectroscopy and electrical measurement. Raman mapping and single point measurements show 
noticeable changes in both D-band and G-band signal of SLG during the electrical cycling. This might 
suggest a new methodology to investigate the migration of oxygen ions in metal oxide resistive random 
access memory (RRAM). Applying this interface engineering technique to HfOx-based RRAM, the SLG 
increases low resistance state (LRS) resistance (> 1MΩ) due to its intrinsically high out-of-plane 
resistance. This enables the reduction of RESET current by 22X and programming power consumption by 
47X. This work indicates that interface engineering design plays an important role in addition to 
exploring different metal oxides or metal electrode materials for RRAM. 
 
 
4:25 p.m. 
20.6 Highly Compact 1T-1R Architecture (4F2 Footprint) Involving Fully CMOS Compatible 
Vertical GAA Nano-Pillar Transistors and Oxide-Based RRAM Cells Exhibiting Excellent NVM 
Properties and Ultra-Low Power Operation, X.P. Wang, Z. Fang, X. Li, B. Chen*, B. Gao*, J.F. 
Kang*, Z.X. Chen, A. Kamath, N.S. Shen, N. Singh, G.Q. Lo, D.L. Kwong, A*STAR, *Peking 
University 



 
For the first time, nanometer-scaled 1T-1R NVM architecture comprising of RRAM cells built on vertical 
GAA nano-pillar transistors, either junction-less or junction-based, is systematically investigated. 
Wherein, transistors are fabricated using fully CMOS compatible technology and RRAM cells are directly 
stacked onto the tip of the nano-pillars (with a diameter down to 37nm) to achieve a compact 4F2 
footprint. In addition, through this platform, different RRAM stacks comprising CMOS friendly materials 
are studied, and it’s found that TiN/Ni/HfO2/n+-Si RRAM cells show excellent switching properties in 
either bipolar or unipolar mode, including (1) ultra-low switching current/power, SET: ~20nA/85nW & 
RESET: ~200pA/700pW; (2) multi-level switchability; (3) good endurance, >105; (4) satisfactory 
retention, 10 years @ 85oC; and (5) fast switching speed, 50ns. Moreover, this vertical GAA nano-pillar 
based 1T-1R architecture provides a more direct and flexible test vehicle to verify scalability and 
functionality for RRAM candidates with a dimension close to real application. 
 
 
4:50 p.m. 
20.7 HfOx Based Vertical Resistive Random Access Memory for Cost-Effective 3D Cross-Point 
Architecture without Cell Selector, H.-Y. Chen, S. Yu, B. Gao, P. Huang*, J. Kang*, H.-S.P. Wong, 
Stanford University, *Peking University 
 
Double-layer stacked HfOx vertical RRAM is demonstrated for 3D cross-point architecture using a cost-
effective fabrication process. Electrode/oxide interface engineering using TiON layer results in non-linear 
I-V suitable for the selector-less array. The fabricated HfOx vertical RRAM shows excellent 
performances such as reset current (<50µA), switching speed (~50ns), switching endurance (>108 cycles), 
half-selected disturbance immunity (>109 cycles), retention (>105s @125oC). Moreover, a unique 
write/read scheme is proposed for 3D cross-point architecture, and the simulation shows that ~1Mb array 
without cell selector is achievable. 
 
 
5:15 p.m. 
20.8 A Non-Linear ReRAM Cell with sub-1μA Ultralow Operating Current for High Density 
Vertical Resistive Memory (VRRAM), S.-G. Park, M.K. Yang, H. Ju, D.-J. Seong, J.M. Lee, E. Kim, S. 
Jung, L. Zhang, Y.C. Shin, I.-G. Baek, J. Choi, H.-K. Kang, C. Chung, Samsung Electronics Co., Ltd. 
 
A non-linear RRAM cell with sub-1μA ultralow operating current has been successfully fabricated for 
high density vertical ReRAM (VRRAM) applications. A uniform and reproducible low power resistive 
switching was achieved by engineering transition metal oxides and imposing thin insulating layer as a 
tunnel barrier. The non-linear I-V characteristics ensure the possible incorporation of RRAM cell into 
high density cross-type array structure including VRRAM. By varying the current compliance, a multi 
level switching behavior was obtained. Moreover, excellent endurance of more than 107 cycles without 
read disturbance for up to 104 seconds was demonstrated. 
 
Session 21: Evening Panel  
Tuesday, December 11, 8:00 p.m. 
Continental Ballroom 4-5 
 
"Will Future Non-Volatile-Memory Contenders Disrupt NAND?" 
 
Moderator: Al Fazio, Intel 
 
NAND is the established incumbent Non-Volatile-Memory (NVM) technology in a wide range of high 
volume applications.  NAND has achieved this incumbent position by being a disruptive technology 



having replaced films in cameras, replaced tape in music players, replacing books by electronic readers 
and most recently disrupting hard disk drives in computing application ranging from laptops through 
datacenters and enabling new computing form factors.  NAND is the most advanced semiconductor 
technology, as measured by half-pitch, with 20nm in production.  However, it is well known that NAND 
faces large scaling challenges.  The floating gate structure and high electrical fields cause significant 
scaling challenges below 20nm, with the major NAND manufacturers researching complex 3D structures 
in lieu of lateral scaling. In the meanwhile, new NVM technologies that do not rely on floating gate 
structure or charge storage have been heavily researched for the past decade.  Broadly speaking, these 
technologies rely on the state of a material to alter resistance as the means to store memory state, with the 
material system, device physics and physical structure being largely unique to each technology.  Many of 
these new NVMs also offer performance attributes that can be much better than NAND, approaching that 
of DRAM.  However, the manufacturing understanding of these new NVMs is very immature, the device 
costs are still substantially higher than and the long-term reliability not as well evaluated and established 
as NAND. Has the time now come where one of these new NVM types is ready to disrupt NAND?  If so, 
which one will be the winner?   
 
The objectives of this panel are to provide a perspective on the following: 

1. Are the material systems, device physics, reliability and manufacturing of new NVMs understood 
well enough to move these technologies into high volume production? 

2. Ultimate vision on the technology scaling and unique technology capability that will drive 
application adoption and cause NAND to be disrupted 

 
The panel will explore some key questions such as: 

• How long will NAND continue to scale cost per bit?   
• Are the materials, physics and manufacturing understood for future NVM to become main-stream 

soon? 
• What are the key technology limiters holding back future NVM contenders? 
• Will future NVM contenders be produced at technology nodes to challenge NAND cost per bit? 
• Which technology feature will drive application adoption before cost per bit can compete with 

NAND? 
• Which technology will win and why?  Can we declare a winner today? 

 
Panelists:  
Geoffrey Burr-IBM 
Steffen Hellmold- Everspin  
Gitae Jeong- Samsung  
Pranav Kalavade- Intel 
Michael Kozicki– Arizona State University  
Rainer Waser- Aachen 
 
Session 22: Evening Panel  
Tuesday, December 11, 8:00 p.m. 
Continental Ballroom 6-9 
 
“The Mighty Little Transistor:  FinFETs to the Finish or another radical shift?” 
 
Moderator: Suresh Venkatesan, GLOBALFOUNDRIES  
 
 



Since its inception, the semiconductor technology has been powered by the transistor.  All innovations in 
the technology relate back to the transistor – how do you build it, what materials are used, how do you get 
maximum current out of it, how do you connect millions of them together etc.   The architecture and 
materials that comprise this basic device has also been seeing radical and fundamental shifts off late.  The 
22nm node spelled the dawn of the full depleted device architecture – with the implementation of 
FINFETs as the workhorse of the technology.  However – projecting out to the 10nm node and beyond – 
the scalability of the FINFET architecture, the materials systems used to create it, and the fundamental 
electrostatics and parasitic components associated with the transistor once again loom large as significant 
challenges that need to be overcome.  
 
So, what form will this ubiquitous power house take at 10nm and below?  And what new material systems 
will it drive? 
 
The objectives of this panel are to provide a perspective on the following: 
 
1.  Will fully depleted architectures and in particular FINFETs scale beyond the 10nm node? 
2.  What will be the dominant transistor architecture to address the scaling challenges beyond 10nm  
     and what material system will it employ? 
 
The panel will explore some key questions such as:  
 
• What will the transistor look like for 7nm and 5nm CMOS logic nodes (UTB SOI, FinFETs,  
   Nanowires, TFETs) ?  Or will there even be transistors?   
• What will be the preferred substrate?  SOI, Bulk?  Or is it even silicon? 
• What Vcc will these operate at?  What will limit Vcc scaling?   
• What solutions exist to address the transistor parasitic as it is becoming more difficult to get current  
   out of the device than to produce it? 
• Are there new channel materials required?  What would they be and how would they integrate? 
 
Panelists:  
Chenming Hu – University of California, Berkeley 
Ghavam Sahidi – IBM 
Krishna Saraswat -- Stanford University 
Thomas Skotnicki -- ST Microelectronics 
Aaron Thean -- IMEC 
Scott Thompson -- SuVolta 
 
Session 23: Process Technology - Germanium and III-V MOS Technologies 
Wednesday, December 12, 9:00 a.m. 
Grand Ballroom A 
Co-Chairs: Yee-Chia Yeo, National University of Singapore 
  James W. Blatchford, Texas Instruments 
 
9:00 a.m. 
Introduction 
 
9:05 a.m. 
23.1 MOS Interface and Channel Engineering for High-Mobility Ge/III-V CMOS (Invited), S. 
Takagi, R. Zhang, S.-H. Kim, N. Taoka, M. Yokoyama, J.-K. Suh, R Suzuki, M. Takenaka, University of 
Tokyo 
 



CMOS utilizing high mobility III-V/Ge channels on Si substrates is expected to be one of promising 
devices for high performance and low power advanced LSIs in the future. the. However, the 
device/process/integration technologies of Ge/III-V n- and pMOSFETs for satisfying requirements of 
future node MOSFETs have not been established yet. In this paper, we address gate stack and channel 
engineering for improving the channel mobility and the MOS interface properties with emphasis on thin 
EOT and ultrathin body, which are mandatory in the future nodes.  As for Ge MOSFET, GeOx/Ge 
interfaces formed by plasma post oxidation are shown to realize thin EOT, low Dit and high mobility. 
HfO2/Al2O3/GeOx/Ge gate stacks exhibit record high electron and hole mobility under EOT of 0.76 nm. 
As for III-V MOSFETs, ultrathin InAs channels with MOS interface buffers are shown to provide high 
electron mobility under InAs thickness of 3 nm. The results of Low Dit HfO2/Al2O3/InGaAs stacks with 
CET of 1.08 nm are also presented. A strategy to enhance electron mobility in InGaAs MOSFETs on a 
basis of physical understanding of the MOS interface properties including high Dit inside the conduction 
band is also addressed. 
 
 
9:30 a.m. 
23.2 Interfacial Layer-Free ZrO2 on Ge with 0.39-nm EOT, κ~43, ~2×10-3 A/cm2 Gate Leakage, 
SS =85 mV/dec, Ion/Ioff =6×105, and High Strain Response, C.-M. Lin, H.-C. Chang, Y.-T. Chen, I.-H. 
Wong, H.-S. Lan, S.-J. Luo, J.-Y. Lin, Y.-J. Tseng, C.W. Liu, C. Hu**, F.-L. Yang*, National Taiwan 
University, *National Nano Device Laboratories, **University of California, Berkeley 
 
0.39-nm ultrathin EOT ZrO2 without an interfacial layer having κ as high as ~43 is demonstrated on Ge 
substrates, with EOT and gate leakage much lower than recent reported 0.7-nm [1]. In situ NH3/H2 
remote plasma treatment (RPT) after RTO-grown ultrathin (<0.5nm) GeO2/Ge and prior to PEALD ZrO2 
leads to the formation of tetragonal phase ZrO2. The gate dielectric has a leakage current ~104X lower 
than other reported dielectrics in this EOT region. Ge (001) pFET has low SS of ~85 mV/dec and high 
Ion/Ioff of ~6×105 at Vd= -1V, while nFET has SS of 90 mV/dec and Ion/Ioff of ~1×105 at Vd=1V. The 
peak electron mobility is determined by the remote phonon scattering stemming from high-κ value. The 
thin ZrO2 stacked Ge channel has higher strain response than EOT=13nm Al2O3/GeO2 stack for both 
(001) and (111) substrate, probably due to the intervalley roughness scattering and/or remote phonon 
scattering.  
 
9:55 a.m. 
23.3 Full Low Temperature Microwave Processed Ge CMOS Achieving Diffusion-Less Junction 
and Ultrathin 7.5nm Ni Mono-Germanide, Y.-J. Lee, S.-S. Chuang*, C.-I. Liu**, F.-K. Hsueh, P.-J. 
Sung, H.-C. Chen, C.-T. Wu, K-L. Lin, J.-Y. Yao, Y.-L. Shen, M.-L. Kuo, C.-H. Yang, G.-L. Luo, H.-W. 
Chen, C.-H. Lai***, M.I. Current^, C.-Y. Wu^^, Y.-M. Wan**, T.-Y. Tseng*, C. Hu^^^, F.-L. Yang, 
National Nano Device Laboratories, *National Chiao Tung University, **I-Shou University, ***Chung 
Hua University, ^Current Scientific, ^^Bayzu Precision Co., ^^^University of California, Berkeley 
 
For the first time, Ge CMOS with all thermal processes preformed by microwave anneal (MWA) has 
been realized.  The full MWA process (＜390 oC). It significantly outperforms conventional RTA process 
in 3 aspects: (1) diffusion-less junction, (2) increased Cox and lower gate leakage, and (3) ultrathin 7.5nm 
nickel mono-germanide with lower sheet resistivity and contact resistivity.  Compared to conventional 
RTA, the MWA gives 50% and 24% drive current enhancement for P- and N-MOSFET, respectively. 
These data show that the low temperature MWA is a very promising thermal process technology for Ge 
CMOS manufacturing. 
 
 
10:20 a.m. 



23.4 An Integration Path for Gate-First UTB III-V-on-Insulator MOSFETs with Silicon, Using 
Direct Wafer Bonding and Donor Wafer Recycling, L. Czornomaz, N. Daix, D. Caimi, M. Sousa, R. 
Erni*, M. Rossell*, M. El-Kazzi, C. Rossel, C. Marchiori, E. Uccelli, M. Richter, H. Siegwart, J. 
Fompeyrine, IBM Zurich Research Laboratory, *EMPA 
 
We demonstrate that the excellent thermal stability of ultra-thin-body III-V heterostructures on insulator 
on silicon, fabricated by direct wafer bonding, hydrogen-induced thermal splitting and donor wafer 
recycling, provides a path for the VLSI co-integration of gate-first In0.53Ga0.47As MOSFETs with silicon 
at sub-μm pitch, with electrostatics comparable to Tri-Gate devices. 
 
 
10:45 a.m. 
23.5 Demonstration of Scaled Ge p-channel FinFETs Integrated on Si, M.J.H. van Dal, G. 
Vellianitis, G. Doornbos, B. Duriez, T.M. Shen, C.C. Wu, R. Oxland, K. Bhuwalka, M. Holland, T.L. 
Lee, C. Wann, C.H. Hsieh*, B.H. Lee*, K.M. Yin*, Z.Q. Wu, M. Passlack, C.H. Diaz, TSMC R&D, 
TSMC QRA 
 
We report the first demonstration of scaled Ge p-channel FinFET devices fabricated on a Si bulk FinFET 
baseline using the Aspect-Ratio-Trapping (ART) technique [1]. Excellent sub-threshold characteristics 
(long-channel sub-threshold swing SS=76mV/dec @ 0.5V), good SCE control and high transconductance 
(1.2 mS/µm @ 1V, 1.05 mS/µm @ 0.5V) are achieved. The Ge FinFET presented in this work exhibits 
highest gm/SS at Vdd=1V reported for non-planar unstrained Ge pFETs to date. 
 
 
11:10 a.m. 
23.6 Triangular-Channel Ge NFETs on Si with (111) Sidewall-Enhanced Ion and Nearly Defect-
Free Channels, S.H. Hsu, H.C. Chang*, C.L. Chu, Y.T. Chen*, W.H. Tu*, F.J. Hou, C.H. Lo, P.J. Sung, 
B.Y. Chen, G.W. Huang, G.L. Luo, C.W. Liu, C. Hu**, F.L. Yang, National Nano Device Laboratories, 
*National Taiwan University, **University of California, Berkeley 
 
Due to the highest electron mobility (2200 cm2/Vs) on (111) Ge surface, the n-channel triangular Ge 
gate-all-around (GAA) FET with (111) sidewalls on Si and Lg=350nm shows 2x enhanced Ion of 
110µA/µm at 1V with respect to the devices with near (110) sidewalls. A novel process to etch away the 
defective Ge near Ge/Si interface from epitaxial Ge grown on SOI achieves a nearly defect-free channel, 
good gate control triangular gate, and larger effective width. Electrostatic control of SS= 94 mV/dec (at 
1V) can be further improved if superior gate stack than EOT=5.5 nm and Dit=1×1012 cm-2eV-1 is used. 
The Ion can be further enhanced if the line edge roughness (LER) can be reduced. The Ge GAA n-FET is 
reported for the first time. 
 
 
11:35 a.m. 
23.7 III-V Gate-All-Around Nanowire MOSFET Process Technology: From 3D to 4D, J.J. Gu, 
X.W. Wang*, J. Shao, A.T. Neal, M.J. Manfra, R.G. Gordon*, P.D. Ye, Purdue University, *Harvard 
University 
 
We have experimentally demonstrated, for the first time, III-V 4D transistor fabrication process using 
ALD. Electrostatic control has been improved and record high ION/Wpitch and gm/Wpitch of 9mA/µm 
and 6.2mS/µm has been obtained for 4D transistors, showing 4× improvements over the III-V 3D 
transistors. 
 
Session 24: Displays, Sensors, and MEMS - Imagers and Integrated Sensors 



Wednesday, December 12, 9:00 a.m. 
Continental Ballroom 1-3 
Co-Chairs: Edoardo Charbon, Technical University Delft 
  Pierre Magnan, SAE 
 
9:00 a.m. 
Introduction 
 
9:05 a.m. 
24.1 Evolution of Optical Structure in Image Sensors (Invited), N. Teranishi, H. Watanabe, T. 
Ueda, N. Sengoku, Panasonic Corporation 
 
Monolithic optical structures for light gathering in image sensors are focused. First, microlens progresses, 
such as gapless microlens, inner microlens and light pipe are explained. Then, back side illumination 
(BSI) is compared with front side illumination (FSI). Lastly, recent FSI technology, SmartFSITM, is 
reported along with its pixel shrinkage results. 
 
 
9:30 a.m. 
24.2 Suppression of Crosstalk by Using Backside Deep Trench Isolation for 1.12µm Backside 
Illuminated CMOS Image Sensor, Y. Kitamura, H. Aikawa, K. Kakehi, T. Yousyou, K. Eda, T. 
Minami, S. Uya, Y. Takegawa, H. Yamashita, Y. Kohyama, T. Asami, Toshiba Corporation 
 
1.12um backside illuminated CMOS image sensor with backside deep trench isolation (DTI) has been 
demonstrated for the first time. DTI is fabricated on backside surface after wafer bonding and grinding 
process. Backside DTI makes its layout simple because no transistor isolation exists on backside. We 
have confirmed 50% reduction of crosstalk. 
 
 
9:55 a.m. 
24.3 How to Achieve Ultra High Photoconductive Gain for Transparent Oxide Semiconductor 
Image Sensors, S. Lee, S. Jeon*, J. Robertson**, A. Nathan**, University College London, *Samsung 
Advanced Institute of Technology, **Cambridge University 
 
This work presents a complete and quantitative analysis of the ultra-high extrinsic quantum efficiency in 
amorphous oxide hetero-TFT image sensors, taking into account the high sub-gap optical absorption due 
to oxygen vacancies, extended electron lifetime due to retarded recombination, and the reduced transit 
time associated with short channel lengths. 
 
 
10:20 a.m. 
24.4 InGaAs/InP SPAD with Improved Structure for Sharp Timing Response, A. Tosi, F. Acerbi, 
M. Anti, F. Zappa, Politecnico di Milano 
 
We designed and fabricated an In0.53Ga0.47As/InP Single-Photon Avalanche Diode with improved layer 
structure and diffusion geometry in order to achieve good detection efficiency (30% at 1550 nm), low 
afterpulsing (gate repetition frequency > 1 MHz) and good timing performance (timing response has 57 
ps FWHM and 30 ps tail). 
 
 
10:45 a.m. 



24.5 High Photocurrent and Quantum Efficiency of Graphene Photodetector Using Layer-by-
Layer Stack Structure and Trap Assistance, H.-M. Li, T.-Z. Shen, D.-Y. Lee, W.J. Yoo, 
Sungkyunkwan University 
 
A graphene stack (GS) structure assembled by layer-by-layer (LBL) transfer of single-layer graphene 
(SLG) is applied in field effect transistors (FETs) for photodetection. Excellent optoelectronic 
performance of ~3.6 times increased photocurrent (PC) together with increased internal/external quantum 
efficiency (IQE/EQE) is obtained in the LBL-GS-FET compared to the conventional SLG-FET, owing to 
(i) the improved electrical transport, e.g., carrier mobility (4.1 times higher), sheet resistance (61% 
reduced) and contact resistance (81% reduced) etc., and (ii) the increased optical absorption (over fivefold 
higher in the visible spectrum). A photovoltaic (PV) model of the LBL-GS-FET was established, 
indicating a peak of PC generation due to the optimized gate modulation. Both the experimental and 
theoretical results suggest the LBL-GS as an excellent material for high efficiency optoelectronics. 
 
 
11:10 a.m. 
24.6 A CMOS-MEMS-Based Label-Free Protein Sensor for High-Sensitive and Compact 
System, K. Takahashi, R. Ozawa, H. Oyama, M. Futagawa, F. Dasai, M. Ishida, K. Sawada, Toyohashi 
University of Technology 
 
We have developed a CMOS-MEMS-based label-free protein sensor, which utilizes nonlinear optical 
transmittance change by the Fabry-Perot interference to enhance the sensitivity of surface-stress. A read-
out tiny photocurrent from the multidimensional arrayed MEMS sensor is signal-processed by integrated 
source follower circuit, selector, and decoder. The integrated MEMS sensor array can be used for 
screening analysis for any cancers. 
 
 
11:35 a.m. 
24.7 Exceeding Nernst Limit (59mV/pH): CMOS-Based pH Sensor for Autonomous 
Applications, K. Parizi, A. Yeh, A. Poon, H.S.P. Wong, Stanford University 
 
A highly sensitive and accurate field-effect sensor was obtained in a standard differential pair CMOS 
structure without Ag/AgCl reference electrode. The device is composed of two sensors each with a 
floating gate (FG) field effect transistor (FET), a control gate (CG) and an extended sensing gate (SG). By 
extending the sensing gate and engineering the capacitance value of the CG, we achieved a remarkable 
sensitivity of 130mV/pH for our pH sensor exceeding the fundamental Nernst limit, 59mV/pH. In 
addition, we removed the bulky Ag/AgCl reference electrode by a novel technique employing differential 
measurement to cancel the effect of the common abnormal potential change occurs in the solution. 
 
Session 25: Circuit and Device Interaction - Digital Design Techniques 
Wednesday, December 12, 9:00 a.m. 
Continental Ballroom 4 
Co-Chairs: Pin Su, National Chiao Tung University 
  Sri Samavedam, GLOBALFOUNDRIES 
 
9:00 a.m. 
Introduction 
 
9:05 a.m. 
25.1 The Impact of Assist-Circuit Design for 22nm SRAM and Beyond, E. Karl, Z. Guo, Y.-G. Ng, 
J. Keane, U. Bhattacharya, K. Zhang, Intel Corporation 



 
This work explores process-circuit co-optimization of a 0.092um2 6T SRAM cell utilizing 6 minimum 
geometry transistors across three 22nm transistor skews.  Transient voltage collapse (TVC), negative 
bitline (NBL) circuits, and a wordline underdrive (WLUD) peripheral assist circuits are used to achieve 
>300mV improvement in Vmin on a 288kB array. 
 
 
9:30 a.m. 
25.2 Process Technology Implications for FPGAs (Invited), D. Lewis, J. Chromczak, Altera Corp. 
 
This paper presents aspects of process technology applicable to FPGAs. Overdrive of transistors for 
routing pass gates is an important performance and reliability factor. Random variation effects are 
significant for small arrays of configuration RAM, but small impact on performance. We discuss 
challenges for CRAM and switch replacement using novel technologies. 
 
 
9:55 a.m. 
25.3 Standard Cell Level Parasitics Assessment in 20nm BPL and 14nm BFF, P. Schuddinck, M. 
Badaroglu, M. Stucchi, S. Demuynck, A. Hikavyy, M. Garcia-Bardon, A. Mercha, A. Mallik, T. 
Chiarella, S. Kubicek, R. Athimulam, N. Collaert, N. Horiguchi, I. Debusschere, A. Thean, L. Altimime, 
D. Verkest, IMEC 
 
It is shown that middle-of-line (MOL) patterning process variations can be reduced by 30% by relaxing 
the standard cell gate pitch by 10% in both 20nm bulk planar (BPL) and 14nm bulk finFET (BFF). 
Performance spread in 14nm BFF is remarkably smaller (-60%) than in 20nm BPL; due to the self-
aligned local interconnect IM1. Tungsten can safely replace copper in local interconnect IM2, which 
allows the MOL critical dimensions (CD) to be reduced by 40% in 20nm BPL, resulting in 5% 
performance improvement. In 14nm BFF, 10% performance degradation can be traded in for 40% smaller 
IM1 contact area, allowing for a cell silicon footprint benefit of up to 20%. 
 
 
10:20 a.m. 
25.4 Uniform Methodology for Benchmarking Beyond-CMOS Logic Devices, D. Nikonov, I. 
Young, Intel Corp. 
 
A consistent methodology for benchmarking beyond CMOS logic devices was developed to guide the 
research directions. The promising devices – tunneling FET and spin wave devices –perform > 1015 
Integer Ops/s/cm2 with power < 1W/cm2. 
 
 
10:45 a.m. 
25.5 Technology Assessment of Si and III-V FinFETs and III-V Tunnel FETs From Soft Error 
Rate Perspective, H. Liu, M. Cotter, S. Datta, V. Narayanan, The Pennsylvania State University 
 
The soft error generation and propagation due to sea-level neutron radiation in Si FinFET, III-V FinFET 
and III-V Hetero-junction Tunnel FET (HTFET) are investigated using device and circuit simulation. Soft 
error rate performance of these devices for SRAM and Logic with voltage scaling is evaluated for ultra-
low power application. 
 
 
11:10 a.m. 



25.6 Impact of Random Telegraph Noise on CMOS Logic Delay Uncertainty Under Low Voltage 
Operation, T. Matsumoto, K. Kobayashi*, H. Onodera, Kyoto University, *Kyoto Institute of 
Technology 
 
By measuring 1680 ROs fabricated in a commercial 40 nm CMOS technology, statistical nature of RTN-
induced delay fluctuation is described.  Small number of samples have a large RTN-induced delay 
fluctuation. It is found that the impact of RTN-induced delay fluctuation becomes as much as 10.4% of 
nominal oscillation frequency under low supply voltage (0.65V) operation. It is also found that more than 
50% reduction of frequency uncertainty can be achieved under 0.75V operation by slightly increasing the 
transistor size. The impact of the parameters that can be changed by circuit designer is clarified in view of 
RTN-induced CMOS logic delay uncertainty. 
 
Session 26: Modeling and Simulation - Modeling of Memory Devices 
Wednesday, December 12, 9:00 a.m. 
Continental Ballroom 5 
Co-Chairs: Takamitshu Ishihara, Toshiba Corporation 
  Sayeef Salahuddin, University of California, Berkeley 
 
9:00 a.m. 
Introduction 
 
9:05 a.m. 
26.1 Understanding Metal Oxide RRAM Current Overshoot and Reliability Using Kinetic 
Monte Carlo Simulation, S. Yu, X. Guan, H.-S.P. Wong, Stanford University 
 
A Kinetic Monte Carlo simulator is developed for metal oxide resistive random access memory (RRAM) 
to study a full set of RRAM characteristics such as set/forming current overshoot, endurance, and 
retention. The simulations suggest that 1) eliminating the forming process and decreasing the parasitic 
capacitance is required for minimizing the overshoot effect and reducing the reset power consumption; 2) 
the degradation of endurance is mainly due to oxygen escaping from the electrode during cycling; 3) the 
oxygen migration barrier can be extracted from the retention baking test over a suitable temperature 
range. 
 
 
9:30 a.m. 
26.2 Energy Landscape Model of Conduction and Switching in Phase Change Memories, M. 
Rizzi, D. Ielmini, DEIand IU.NET, Politecnico di Milano 
 
This work presents a new model for PCM conduction and switching, taking into account the random 
energy landscape in the amorphous structure. The model explains the difference between physical and 
electrical thickness of the amorphous PCM volume and accurately reproduces threshold switching and 
programming characteristics for 45 and 28 nm node PCM. 
 
 
9:55 a.m. 
26.3 Electrochemical Simulation of Filament Growth and Dissolution in Conductive-Bridging 
RAM (CBRAM) with Cylindrical Coordinates, S. Lin, L. Zhao*, J. Zhang, H. Wu, Y. Wang, H. Qian, 
Z. Yu, Tsinghua University, *Stanford University 
 
We simulate the forming process of CBRAM in a truly 3D environment using cylindrical coordinates and 
reveals, through numerical simulation, two mechanisms: ion migration and chemical reduction, which 



correspond to different growth rate. Experimental results in forming time vs. applied voltage and 
electrolyte thickness confirm the accuracy of our model. 
 
 
10:20 a.m. 
26.4 Topological-Insulator-Based Non-Volatile Memory Cells: A Quantum Device Simulation, 
Y. Lu, J. Guo, University of Florida 
 
We developed a quantum transport model to simulate the spin-resolved transport properties of a 
topological insulator (TI) spintronic memory device,  which can capture the spin-momentum locking of 
surface states in TIs and deal with Klein tunneling and coupled spin dynamics. We present a simple 
design of spin-transfer torque (STT) device which consists of a thin layer TI coupled with a top 
ferromagnetic film. The device removes the requirement of spin-polarized contacts and magnetic tunnel 
junctions (MTJs) in conventional STT memory cells by exploiting spin-momentum locking of the TI 
surface states. The analysis shows that by introducing partial perpendicular magnetic anisotropy (PPMA), 
both fast switching and low switching current can be achieved. 
 
 
10:45 a.m. 
26.5 Electric Field Induced Magnetic Switching At Room Temperature: Switching Speed, Device 
Scaling and Switching Energy, K. Ashraf, S. Smith, S. Salahuddin, University of California, Berkeley 
 
We present a massively parallel phase-field model of electric field induced magnetic switching devices, 
showing that one may obtain experimentally observed ferroelectric coercive field and domain switching 
speed simultaneously. We show that these devices can potentially dissipate an order of magnitude lower 
energy per unit area compared to alternative routes for magnetic switching. 
 
 
11:10 a.m. 
26.6 A Physical Based Analytic Model of RRAM Operation for Circuit Simulation, P. Huang, 
X.Y. Liu, W.H. Li, Y.X. Deng, B. Chen, Y. Lu, B. Gao, L. Zeng, K.L. Wei, G. Du, X. Zhang, J.F. Kang, 
Peking University & Key Laboratory of Microelectronic Devices and Circuits 
 
A physical based analytic model of metal oxide based RRAM cell operation is developed. The developed 
analytic model verified by measured data can reproduce the characteristics of RRAM cell operation both 
under DC and pulse operation modes. Furthermore, we implemented the analytical model in a 2X2 
RRAM array simulation and investigated the reliability of RRAM array. The results show promising 
perspective of the future implementation of this analytic model in larger scale circuit simulation to 
optimize the design of RRAM. 
 
 
11:35 a.m. 
26.7 Modeling the Variability Caused by Random Grain Boundary and Trap-Location Induced 
Asymmetrical Read Behavior for a Tight-Pitch Vertical Gate 3D NAND Flash Memory Using 
Double-Gate Thin-Film Transistor (TFT) Device, Y.-H. Hsiao, H.-T. Lue, W.-C. Chen, C.-P. Chen, 
K.-P. Chang, Y.-H. Shih, B.-Y. Tsui*, C.-Y. Lu, Macronix International Co., Ltd., *National Chiao-Tung 
University 
 
The variability of the poly silicon thin film transistor (TFT) in 3D NAND Flash is a major concern. In this 
work, we have fabricated and characterized a 37.5nm half pitch 3D Vertical Gate (VG) NAND Flash, and 
successfully modeled the random grain boundary effect using TCAD simulation. In our model, the grain 



boundary creates interface states, resulting in large local band bending and a surface potential barrier. The 
gate-induced grain barrier lowering (GIGBL) and drain-induced grain barrier lowering (DIGBL) effects 
are the major physical mechanisms that affect the subthreshold behavior. By means of modeling, the 
impact of bit line (BL) and word line (WL) critical dimensions (CD) of the double-gate TFT device is 
studied extensively, where we find that narrower BL and larger WL CD’s are the most critical parameters 
that provide tight Vt distribution and good memory window. For the first time, we have discovered an 
asymmetry of reverse read (RR) and forward read (FR) of the TFT device. The physical mechanism can 
be well explained by the DIGBL. With accurate modeling, the asymmetry of RR and FR can be used to 
determine the GB trap lateral location and interface trap density. 
 
Session 27: Power and Compound Semiconductor Devices - Next-Generation Power, Lighting 
and Logic 
Wednesday, December 12, 9:00 a.m. 
Continental Ballroom 6 
Co-Chairs: Tsuyoshi Tanaka, Panasonic Corporation 
  Grace Xing, University of Notre Dame 
 
9:00 a.m.  
Introduction 
 
9:05 a.m. 
27.1 Heteroepitaxial Growth and Power Electronics Using AlGaN/GaN HEMT on Si (Invited), 
T. Egawa, Nagoya Institute of Technology 
 
We have introduced technologies for increase in breakdown characteristics of AlGaN/GaN high electron 
mobility transistors (HEMTs) on a Si substrate. A GaN/AlN strained super-lattice (SLS) buffer has been 
inserted between a nucleation layer and a thick GaN layer. This technology enables to increase in a total 
thickness of epitaxial layer, resulting in improvement of both vertical and horizontal breakdown. Deep 
investigation of geometrical relationship between the pit and the gate finger reveals that breakdown 
characteristics of the device not only on the pit but also near the pit are degraded. Finally, we fabricated a 
reasonably long gate-to-drain distance to further improve total breakdown characteristics. To combination 
of all these technologies, we have achieved very high breakdown voltage (1400 V) with a state-of-the-art 
FOM (= BV2/Ron) of 2.6×108 V2Ω-1cm2 for AlGaN/GaN HEMTs on Si. 
 
 
9:30 a.m. 
27.2 Self-Aligned-Gate GaN-HEMTs with Heavily-Doped n+-GaN Ohmic Contacts to 2DEG, K. 
Shinohara, D. Regan, A. Corrion, D. Brown, Y. Tang, J. Wong, G. Candia, A. Schmitz, H. Fung, S. Kim, 
M. Micovic, HRL Laboratories, LLC 
 
Record device performance was obtained in deeply-scaled self-aligned-gate GaN-HEMTs with heavily-
doped n+GaN S/D in direct contact with 2DEG near the gate. 20-nm-gate devices exhibited Ron = 0.23 Ω-
mm, Idmax > 4 A/mm, and a broad gm of >1 S/mm over a wide range of Ids from 0.5 to 3.5 A/mm. A record 
fmax exceeding 500 GHz was demonstrated for the first time. 
 
 
9:55 a.m. 
27.3 Extremely High Current Density Over 1000 A/cm2 Operation in M-Plane GaN Small Size 
LEDs with Low Efficiency Droop and Method for Controlling Radiation Pattern and Polarization, 
A. Inoue, R. Kato, A. Yamada, T. Yokogawa, Panasonic Corporation 
 



We have demonstrated high-power and small-size m-plane GaN-LEDs with low efficiency droop 
operating on over 1000 A/cm2. We have clarified the asymmetric radiation pattern is related to optical 
output from lateral c-plane surface. Finally, the control of radiation pattern and polarization was realized 
by striped texture on top m-plane surface. 
 
 
10:20 a.m. 
27.4 Room-Temperature Photonic Crystal Nanocavity Light Emitting Diodes Based on Ge Self-
Assembled Quantum Dots, X. Xu, T. Maruizumi, Y. Shiraki, Tokyo City University 
 
We demonstrate room-temperature current-injected LEDs based on Ge QDs in PhC nanocavities through 
lateral PIN diodes. Strong electroluminescence and sharp resonant peaks are observed when the injected 
current is larger than 50 µA. The output power is measured for the first time, and achieves 6 pW at 3 mA 
injection. 
 
 
10:45 a.m. 
27.5 Excellent Device Performance of 3D In0.53Ga0.47As Gate-Wrap-Around Field-Effect-
Transistors with High-k Gate Dielectrics, F. Xue, A. Jiang, Y.-T. Chen, Y. Wang, F. Zhou, Y.-F. 
Chang, J. Lee, University of Texas at Austin 
 
Excellent device performance of In0.53Ga0.47As Gate-Wrap-Around devices has been demonstrated by 
novel device design and fabrication process. Good combination of current drive and subthreshold 
characteristics has been achieved by Wfin=40 nm with SS=80mV/dec and DIBL=20mV/V, which are 
among the lowest value ever reported for III-V MOSFETs devices. 
 
 
11:10 a.m. 
27.6 20–80nm Channel Length InGaAs Gate-all-around Nanowire MOSFETs with EOT=1.2nm 
and Lowest SS=63mV/dec, J.J. Gu, X.W. Wang*, H. Wu, J. Shao, A.T. Neal, M.J. Manfra, R.G. 
Gordon*, P.D. Ye, Purdue University, *Harvard University 
 
We have demonstrated the shortest Lch=20nm InGaAs GAA nanowire MOSFETs with ALD 
Al2O3/LaAlO3 gate stack. ION=850μA/μm at Vdd=0.8V, gm of 1.65mS/μm at Vds=0.5V , lowest SS of 
63mV/dec and DIBL of 7mV/V have been achieved. InGaAs GAA technology is a strong candidate for 
future high-speed low-power logic application. 
 
Session 28: Characterization, Reliability, and Yield - Device Characterization and Reliability 
Wednesday, December 12, 9:00 a.m. 
Continental Ballroom 7-9 
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9:00 a.m. 
Introduction 
 
9:05 a.m. 
28.1 Study of Piezoresistive Properties of Advanced CMOS Transistors: Thin Film SOI, 
SiGe/SOI, Unstrained and Strained Tri-Gate Nanowires, M. Cassé, S. Barraud, C. Le Royer, M. 
Koyama, R. Coquand, D. Blachier, F. Andrieu, G. Ghibaudo*, O. Faynot, T. Poiroux, G. Reimbold, 
CEA-Leti, Minatec, *IMEP-LAHC 



 
We hereby present an exhaustive extraction and study of piezoresitive (PR) coefficients in advanced 
CMOS transistors. In particular, we have evidenced the dependence with channel thickness and channel 
material compositions (SiGe with various Ge contents). Moreover we report for the first time the 
measurement of PR coefficient on uniaxially strained and unstrained Tri-Gate Nanowires transistors. 
 
 
9:30 a.m. 
28.2 Experimental Study of Self-Heating Effect (SHE) in SOI MOSFETs: Accurate 
Understanding of Temperatures During AC Conductance Measurement, Proposals of 2ω Method 
and Modified Pulsed IV, N. Beppu, S Oda*, K. Uchida, Tokyo Institute of Technology, *QNERC 
 
The accurate evaluation of self-heating effect (SHE), or electrical characteristics without SHE, is strongly 
demanded by device and circuit engineers. Although AC conductance (ACC) method is widely used to 
obtain electrical characteristics without SHE, channel temperature (Tch) during ACC have not been 
checked. In this work, by combining four-terminal (4-T) gate resistance and ACC methods, we measured 
Tch during ACC, for the first time. It is demonstrated that Tch increases as Vd increases even at high 
frequencies in ACC. Therefore, to access the electrical characteristics without SHE, a modified Pulsed IV 
method is proposed, and its validity is checked by comparing with results obtained by 4-T gate resistance 
method. It is also demonstrated that thermal resistance (Rth) decreases at high input power. This effect 
could be important when high-power consuming buffer circuit is designed. 
 
 
9:55 a.m. 
28.3 Beyond Interface: The Impact of Oxide Border Traps on InGaAs and Ge n-MOSFETs, D. 
Lin, A. Alian, S. Gupta*, B. Yang**, E. Bury, S. Sioncke, R. Degraeve, M.L. Toledano, R. Krom, P. 
Favia, H. Bender, M. Caymax, K.C. Saraswat*, N. Collaert, A. Thean, IMEC, *Stanford University, 
**GLOBALFOUNDRIES 
 
High-Mobility nFET options with Ge and InGaAs channel are of intense interests. As the well-known 
interfacial trap (Dit) problem appears now contained, new challenges are emerging from above the 
interface. The evidence of oxide border traps in high-k dielectrics and its effect on the ‘on-performance’ 
of Ge and InGaAs n-MOSFET are presented in this study through combined trap and transport analyses. 
The impact of the oxide traps on device frequency response and Vth stability could challenge the 
commercial realization of the high mobility channel MOSFET. We have demonstrated the use of the AC-
gm technique to assess the impact of near-interface BT and the use of TSCIS technique to map out deeper 
traps. This study raises the urgent issues of BT and the need for engineering workarounds. Fundamental 
understandings on the nature and formation of these traps are required for long-term solutions. 
 
 
10:20 a.m. 
28.4 Assessment of the Stochastic Nature of Dielectric Breakdown in Advanced CMOS 
Technologies Utilizing Voltage Ramp Stress Methodology, A. Kerber, D. Lipp, Y.-Y. Lin, 
GLOBALFOUNDRIES 
 
The stochastic nature of dielectric breakdown in MG/HK and poly-Si/SiON technologies is investigated. 
The VRS methodology was employed to demonstrate that the variability of the Weibull shape parameter, 
β·(n+1), diminishes with increasing sample size as predicted for a purely stochastic process. However, the 
V63 confidence limits remain essentially the same and do not follow the predictions of a purely stochastic 
process. It is suggested that the variability is limited by the local variations in the oxide thickness for 
MG/HK and polySi/SiON technologies. 



 
 
10:45 a.m. 
28.5 Temperature Dependence of TDDB Voltage Acceleration in High-k/ SiO2Bilayers and SiO2 
Gate Dielectrics, E. Wu, J. Suñe*, C. Larow, R. Dufresne, IBM SRDC, *Universitat Autonoma de 
Barcelona 
 
This work presents experimental evidence of power-law TDDB voltage acceleration for high-k/SiO2 
bilayers and an extensive investigation of temperature dependence of voltage acceleration for high-k/SiO2 
bilayers, SiO2 single-layer dielectrics, and progressive BD times of SiO2 over a wide temperature range 
from ~300°C to -50°C. We report a thermally assisted hydrogen release-reaction model which can explain 
three experimental observations: the temperature dependence of voltage acceleration exponents, the non-
Arrhenius temperature dependence, and the large activation energy at high temperatures. 
 
 
11:10 a.m. 
28.6 Minimizing the Local Deformation Induced Cu-TSVs and CuSn/InAu-Microbumps in 
High- Density 3D-LSIs, M. Murugesan, H. Kobayashi*, H. Shimamoto*, F. Yamada*, T. Fukushima, 
J.C. Bea, K.W. Lee, T. Tanaka**, M. Koyanagi, NICHe, *ASET, **Tohoku University 
 
It is shown authentically by us via EBSD, XPS, PL, and µRS investigations that as compared to the 
thermo-mechanical stress induced by metal-TSVs and microbumps in high-density 3D-LSIs, the locally 
induced-mechanical stress via local deformation in the active Si around microbumps are far more 
deleterious. Young’s modulus and hardness for 3D-LSI die with thickness <50µm is no longer a bulk like 
single-crystal Si. 
 
 
11:35 a.m. 
28.7 Insights in Low Frequency Noise of Advanced and High-Mobility Channel Transistors 
(Invited), E. Simoen, T. Romeo, L. Pantisano, A. Luque Rodriguez*, J.A. Jiménez Tejada*, M. 
Aoulaiche, A. Veloso, M. Jurczak, R. Krom, J. Mitard, Ch. Caillat**, P. Fazan**, F. Crupi***, C. Claeys, 
Imec, *University of Granada, **Micron Technology Belgium, ***University of Calabria 
 
An overview is given on the impact of high-mobility channel materials and novel device architectures on 
the low-frequency (LF) noise of 22 nm and below CMOS transistors. It will be shown that similar 1/f 
noise power spectral density (PSD) can be achieved for SiGe-channel planar and bulk FinFET devices. It 
is demonstrated that processing-induced Generation-Recombination (GR) noise can yield a strong device-
to-device variability in the PSD for both bulk FinFETs and thin-film ultra-thin buried oxide Silicon-On-
Insulator MOSFETs. A model is presented for the LF noise in narrow, fully-depleted (FD) device 
structures, allowing the extraction of the oxide density profiles and bulk GR center parameters. 
 
Session 29: Memory Technology and Nano Device Technology - MRAM and Spin-Devices 
(Joint) 
Wednesday, December 12, 9:00 a.m. 
Imperial Ballroom 
Co-Chairs: Georg Tempel, Infineon (MT) 
  Magnus Willander, Linköping University (NDT) 
 
9:00 a.m.  
Introduction 
 



9:05 a.m. 
29.1 A Novel MTJ for STT-MRAM with a Dummy Free Layer and Dual Tunnel Junctions, K. 
Tsunoda, H. Noshiro, C. Yoshida, Y. Yamazaki, A. Takahashi, Y. Iba, A. Hatada, M. Nakabayashi, T. 
Takenaga, M. Aoki, T. Sugii, Low-power Electronics Association and Project 
 
A novel MTJ for the embedded memory applications is proposed. The MTJ consists of a dummy free 
layer and dual tunnel junctions using PMA at the CoFeB/MgO interface.  Fabricated MTJ with 53 nm 
diameter exhibited a high thermal stability factor ∆ = 52, and a small switching current Ic0 = 57 µA, 
resulting in ∆/Ic0 ratio of 0.91 that is more than twice as large as compared to reference MTJ. 
 
 
9:30 a.m. 
29.2 Impact of Stray Field on the Switching Properties of Perpendicular MTJ for Scaled 
MRAM, Y.-H. Wang, S.-H. Huang, D.-Y. Wang, K.-H. Shen, C.-W. Chien, K.-M. Kuo, S.-Y. Yang, D.-
L. Deng, Industrial Technology Research Institute 
 
The effects of stray field on STT switching of pMTJ have been study. By using a stepped pMTJ with SAF 
pinned layer, ~zero stray field and symmetric STT switching with low switching current have been 
demonstrated. In addition, we show the in-plane stray field assists the STT switching of pMTJs. 
 
 
9:55 a.m. 
29.3 High Density ST-MRAM Technology (Invited), J.M. Slaughter, N.D. Rizzo, J. Janesky, R. 
Whig, F.B. Mancoff, D. Houssameddine, J.J. Sun, S. Aggarwal, K. Nagel, S. Deshpande, S.M. Alam, T. 
Andre, P. LoPresti, Everspin Technologies, Inc. 
 
We review key properties for commercial ST-MRAM circuits, discuss the challenges to achieving the 
many performance and scaling goals that are being addressed in current development around the world, 
recent results in the field, and present first results from a new, fully-functional 64Mb, DDR3, ST-MRAM 
circuit. 
 
10:20 a.m. 
29.4 Impact of Ultra Low Power and Fast Write Operation of Advance Perpendicular MTJ on 
Power Reduction for High-Performance Mobile CPU, E. Kitagawa, S. Fujita, K. Nomura, H. Noguchi, 
K. Abe, K. Ikegami, T. Daibou, Y. Kato, C. Kamata, S. Kashiwada, N. Shimomura, J. Ito, H. Yoda, 
Toshiba Corporation 
 
We demonstrated lower power consumption of mobile CPU by replacing from high-performance (HP)-
SRAMs to spin transfer torque (STT)-MRAMs using perpendicular (p)-MTJ. The Key points that enable 
the low power consumption are adapting run time power gating architecture, and satisfying both of fast 3 
nsec and low-power 0.09 pJ writing of p-MTJ cell. Only our developed p-MTJ has been achieved 3 nsec 
and 0.09 pJ. 
 
 
10:45 a.m. 
29.5 Voltage-Induced Switching of Nanoscale Magnetic Tunnel Junctions, J.G. Alzate, P. Khalili 
Amiri, P. Upadhyaya, S.S. Cherepov, J. Zhu*, M. Lewis, R. Dorrance, J.A. Katine**, J. Langer***, K. 
Galatsis, D. Markovic, I. Krivorotov*, K.L. Wang, University of California, Los Angeles, *University of 
California, Irvine, **Hitachi Global Storage Technologies, ***Singulus Technologies 
 



We demonstrate voltage-induced (non-STT) switching of nanoscale, high-resistance magnetic-tunnel-
junctions (HMTJs) with pulses down to 10ns. We show ~10x reduction in switching energies (compared 
to STT) for leakage currents < 105 A/cm2. Switching dynamics are studied and a strategy for eliminating 
the need for external magnetic-fields is verified experimentally. 
 
 
11:10 a.m. 
29.6 Design and Performance of Pseudo-spin-MOSFETs Using Nano-CMOS Devices, Y. Shuto, 
S. Yamamoto, H. Sukegawa*, Z.C. Wen*, R. Nakane*, S. Mitani*, M. Tanaka*, K. Inomata*, S. 
Sugahara, Tokyo Institute of Technology, *National Institute for Materials Science, **University of 
Tokyo 
 
The design and performance of pseudo-spin-MOSFETs (PS-MOSFETs) using nano-CMOS devices were 
computationally investigated. The operations of a PS-MOSFET with current-induced magnetization 
switching were also experimentally demonstrated by the hybrid integration of a vendor-made MOSFET 
and our-developed spin-transfer-torque MTJ. The nonvolatile SRAM and delay flip-flop applications of 
PS-MOSFETs were also examined. 
 
 
11:35 a.m. 
29.7 Possible Route to Low Current, High Speed, Dynamic Switching in a Perpendicular 
Anisotropy CoFeB-MgO Junction Using Spin Hall Effect of Ta, D. Bhowmik, L. You, S. Salahuddin, 
University of California, Berkeley 
 
We have experimentally demonstrated a significant control of magnetic anisotropy in a CoFeB-MgO 
junction using Spin Hall Effect(SHE) in underlying Ta layer. We developed a model that reproduces the 
experimentally observed unique switching behavior of SHE based spin torque. Using this model,we show 
that the dynamics of switching for SHE is qualitatively different from conventional STT. Taking 
advantage of  this dynamics we show that it is possible to dynamically switch magnets at sub 10 ns speeds 
without increasing the current amplitude from what is necessary for steady State switching. We show this 
behavior in two different settings-one appropriate for reducing write power in memory and other for 
reducing clock power in spintronic logic applications. 
 
 
12:00 p.m. 
29.8 Improved Reliability and Switching Performance of Atom Switch by Using Ternary Cu-
Alloy and RuTa Electrodes, M. Tada, T. Sakamoto, N. Banno, K. Okamoto, M. Miyamura, N. Iguchi, 
H. Hada, Low-power Electronics Association & Project 
 
Cu(AlTi)-alloy active-electrode coupled with Ru(Ta) inert-electrode is newly proposed to improve the 
reliability of nonvolatile Cu atom switch. The high rupture temperature of the nanometer-scale bridge 
>400oC with the high thermal resistance are realized by the Cu-alloy. The anti-Cu diffusive, Ru(Ta)-alloy 
improves ON-state retention at 150oC and cycle endurance over 104. 
 

Entrepreneurs Lunch at IEDM New for 2012! 
Sponsored by IEDM and EDS Women in Engineering 

 
Speaker: Weili Dai, Marvell Technology Group, Ltd.  

 
Wednesday, December 12 



12:30 pm - 1:30 pm. 
 

As the only female co-founder of an American semiconductor company, Weili Dai has blazed a trail for 
female entrepreneurs in the technology industry and beyond. From founding the company at her kitchen 
table to securing deals with the biggest names in the consumer electronics industry, Weili’s approach to 
entrepreneurialism and business is guided by these words – passion, integrity, fair and care. At this 
entrepreneurs lunch, Weili will discuss how engineers and scientists can combine their passion for 
innovation with business savvy, outline her path to founding Marvell and provide needed insights into the 
current business and technology landscape. 
 
 
Session 30: Modeling and Simulation - Modeling of Processes, Hot Carriers and Interconnects 
Wednesday, December 12, 1:30 p.m. 
Continental Ballroom 1-3 
Co-Chairs: Tibor Grasser, Technical University of Wien 
  M. De Souza, University of Sheffield 
 
1:30 p.m. 
Introduction 
 
1:35 p.m. 
30.1 Molecular Dynamic Simulation Study of Stress Memorization in Si Dislocations, T.-M. Shen, 
Y.-T. Tung, Y.-Y. Cheng, D.-C. Chiou, C.-Y. Chen, C.-C. Wu, Y.M. Sheu, H.-T. Tsai, C.M. Huang, G. 
Hsieh, G. Tsai, S. Fung, J. Wu, C. Diaz, Taiwan Semiconductor Manufacturing Company 
 
An accurate predictive L-KMC model for dislocation formation and location in Si bulk are proposed. The 
underlying physical mechanism of SMT dislocation formation in solid-phase-epitaxy-regrowth (SPER) is 
well explained by MD simulations. Defect engineering to form SMT (111) dislocations was successfully 
demonstrated and the enhanced channel stress is confirmed by the observed 15% NFET Ion-Ioff 
improvement. 
 
 
2:00 p.m. 
30.2 Analysis of Dopant Diffusion and Defects in SiGe-Channel Implant Free Quantum Well 
(IFQW) Devices Using an Atomistic Kinetic Monte Carlo Approach, T. Noda, J. Mitard*, L. 
Witters*, G. Hellings*, C. Vrancken*, P. Eyben*, A. Thean*, N. Horiguchi*, W. Vandervorst*, 
Panasonic Corporation, *IMEC 
 
An analysis of dopant diffusion and defects in SiGe-channel (SiGe-ch) Implant-Free Quantum Well 
(IFQW) using an atomistic KMC approach are shown.  KMC and SSRM show that B migration from B 
doped SiGe raised-S/D can form S/D-extension gate overlap and better SCE is obtained. Arsenic Vt-
adjustment implant before SiGe-ch formation instead of Arsenic pocket implant after SiGe-ch formation 
can reduce Arsenic concentration in channel region and shows better Vt-mismatch. 
 
 
2:25 p.m. 
30.3 Evidence for an Atomistic-Doping Induced Variability of the Band-to-Band Leakage 
Current of Nanoscale Device Junctions, A. Ghetti, C. Monzio Compagnoni*, L. Digiacomo, L. 
Vendrame, A.S. Spinelli*, A.L. Lacaita*, Micron Technology Inc., *Politecnico di Milano 
 



We show, for the first time, that the band-to-band (B2B) leakage current of nanoscale p-n junctions 
displays a significant statistical dispersion coming from the atomistic nature of doping. As a result, the 
B2B current displays a log-normal distribution, with a spread increasing with the scaling of the junction 
width. 
 
 
2:50 p.m. 
30.4 Simulation of the Effect of Arsenic Discrete Distribution on Device Characteristics in 
Silicon Nanowire Transistors, M. Uematsu, K.M. Itoh, G. Mil’nikov*, H. Minari*, N. Mori*, Keio 
University, *Osaka University 
 
We have theoretically investigated the effects of random discrete dopant (RDD) distribution on the device 
characteristics in silicon nanowire transistors by performing non-equilibrium Green's function (NEGF) 
simulation combined with kinetic Monte Carlo (KMC) method for generating RDD distribution. We 
show that dopant atoms diffusing into the channel have a significant impact on the threshold voltage 
fluctuation. By analyzing the RDD distribution dependence of the threshold voltage variation, we propose 
a method to reduce it. We also discuss the origin of the on-current fluctuation due to the RDD 
distribution. 
 
3:15 p.m. 
30.5 Modeling of Hot Carrier Degradation Using a Spherical Harmonics Expansion of the 
Bipolar Boltzmann Transport Equation, M. Bina, K. Rupp, S. Tyaginov, O. Triebl, T. Grasser, TU 
Wien 
 
Recent studies have clearly demonstrated that the degradation of MOS transistors due to hot carriers is 
highly sensitive to the energy distribution of the carriers.  These distributions can only be obtained in 
sufficient detail by the simultaneous solution of Boltzmann's transport equation (BTE) for both carrier 
types.  For predictive simulations, the energy distributions have to be resolved in considerable detail by 
including the fullband structure, impact ionization (II), electron electron scattering (EE), as well as the 
interaction of minority carriers with the majority carriers.  We demonstrate that this challenging problem 
can be efficiently tackled using a deterministic approach based on the spherical harmonics expansion 
(SHE) of the BTE. 
 
 
3:40 p.m. 
30.6 Hybrid Modeling and Analysis of Different Through-Silicon-Via (TSV)-Based 3D Power 
Distribution Networks, Z. Xu, J.-Q. Lu, Rensselaer Polytechnic Institute 
 
This paper reports on a partition and assembly approach that combines both the electromagnetic (EM) and 
analytical simulations to accurately model and analyze several TSV-based 3D power delivery networks, 
which are composed of stacked-chips, interposer, and package substrate. With this method, we for the 
first time consider RLC couplings between multiple voltage supply rails in 3D systems. The 
quantitatively examined power performances unveil 3D power delivery design implications to fulfill 3D 
integration benefits. 
 
 
4:05 p.m. 
30.7 A Monte Carlo Simulation of Electron Transport in Cu Nano-Interconnects: Suppression of 
Resistance Degradation Due to LER/LWR, T. Kurusu, H. Tanimoto, M. Wada, A. Isobayashi, A. 
Kajita, N. Aoki, Y. Toyoshima, Toshiba Corporation 
 



We performed MC simulations to estimate the impact of the LER on the resistance of nanoscale Cu wires. 
The LER gives rise to severe degradation of electrical resistance and resistance variability in nanoscale 
Cu wires.  In narrow Cu wires, the resistance degradation due to LER is mainly caused by the LWR rather 
than LER. In this case, the control of the correlation between line-edges which is one of the LER 
parameters is effective to reduce the resistance degradation without reducing amplitude of the LER. It is 
also effective to introduce material and/or structure with both short mean free path of electrons and low 
resistance for suppressing the resistivity degradation. 
 
Session 31: Memory Technology -  Phase-Change Memory, RRAM and DRAM 
Wednesday, December 12, 1:30 p.m. 
Continental Ballroom 5 
Co-Chairs: Hsiang-Lan Lung, Macronix International Co., Ltd. 
  Takashi Kobayashi, Hitachi, Ltd. 
 
1:30 p.m. 
Introduction 
 
1:35 p.m. 
31.1 A Thermally Robust Phase Change Memory by Engineering the Ge/N Concentration in 
(Ge, N)xSbyTez Phase Change Material, H.Y. Cheng, J.Y. Wu, R. Cheek*, S. Raoux*, M. BrightSky*, 
D. Garbin**, S. Kim*, T.H. Hsu, Y. Zhu*, E.K. Lai, E. Joseph*, A. Schrott*, S.C. Lai, A. Ray*, H.L. 
Lung, C. Lam*, Macronix International Co., Ltd., *IBM TJ Watson Research Center, **Turin 
Polytechnic University 
 
Phase change memory (PCRAM) is an ideal embedded memory due to its simple BEOL process and low 
voltage operation. Industrial and automotive applications of PCRAM, however, have not been realized 
because of poor high temperature properties of the conventional Ge2Sb2Te5 phase-change material [1-3]. 
We have previously reported a special GexSbyTez material along the Ge and Sb2Te3 tie line that showed 
superior high temperature performance. In this work we have further enhanced our previous “golden” 
material by incorporating nitrogen and engineering the Ge/N concentration. In order to rapidly explore a 
range of new materials a fast method to test retention behavior by laser melt-quenching is adopted which 
yields retention data on blanket films consistent with device results. A new material with special Ge/N 
concentration with excellent high temperature retention is discovered. The new material demonstrated 
nearly 100% yield in a 256 Mb test chip after 160 oC, 84 hrs baking, with projected 10-year retention at 
120 oC. (> 9,000 years at 85 oC.) 
 
 
2:00 p.m. 
31.2 Non-Arrhenius Pulse-Induced Crystallization in Phase Change Memories, N. Ciocchini, M. 
Cassinerio, D. Fugazza, D. Ielmini, DEI and IU.NET, Politecnico di Milano  
 
This work provides the first evidence for non-Arrhenius crystallization in phase change memory (PCM). 
Crystallization data in the thermal (annealing) and set (pulse-induced) regimes are compared by a 
filamentary conduction model of the PCM after threshold switching. Results show different activation 
energies in the two regimes, thus evidencing non-Arrhenius behavior. 
 
 
2:25 p.m. 
31.3 Engineering Grains of Ge2Sb2Te5 for Realizing Fast-Speed, Low-Power, and Low-Drift 
Phase-Change Memories with Further Multilevel Capabilities, W.J. Wang, D. Loke, L.T. Law, L.P. 
Shi, R. Zhao, M.H. Li, L.L. Chen*, H.X Yang, Y.C. Yeo*, A.O. Adeyeye*, T.C. Chong**, A.L. 



Lacaita***, A*STAR, *National University of Singapore, **Singapore University of Technology and 
Design, ***Politecnico di Milano and IFN-CNR Milano 
 
Grain-engineered Ge2Sb2Te5 was exploited to control the crystallization kinetics and electrical properties 
of PCM, resulting in a 120% higher SET speed with respect to conventional scaling. Good stability 
(140°C), 30% RESET power reduction, and 2X lower resistance drift were also achieved. A multilevel (4 
state/2-bit) cell was further demonstrated. 
 
 
2:50 p.m. 
31.4 A Low Power Phase Change Memory Using Low Thermal Conductive Doped-Ge2Sb2Te5 
with Nano-Crystalline Structure, T. Morikawa, K. Akita, T. Ohyanagi, M. Kitamura, M. Kinoshita, M. 
Tai, N. Takaura, Low-power Electronics Association & Project 
 
A new phase change memory of 68% lower reset current is demonstrated using nano-crystalline doped-
Ge2Sb2Te5 with low thermal conductivity. Endurance of >1×107 cycles and enhanced crystallization 
temperature (~ 215 ºC) are also achieved. Nano-crystalline GST makes it possible to design 4F2 cross-
point cells with simple bottom electrode structure. 
 
 
3:15 p.m. 
31.5 Sb-Doped GeS2 as Performance and Reliability Booster in Conductive Bridge RAM, E. 
Vianello, G. Molas, F. Longnos*, P. Blaise, E. Souchier, C. Cagli, G. Palma, J. Guy, M. Bernard, M. 
Reyboz, G. Rodriguez, A. Roule, C. Carabasse, V. Jousseaume, S. Maitrejean, G. Reimbold, B. De Salvo, 
F. Dahmani*, P. Verrier*, D. Bretegnier*, J. Liebault*, CEA-Leti, Minatec, *ALTIS Semiconductor 
 
In this work, for the first time at our knowledge, the improvement of chalcogenide-based CBRAM 
performance and reliability by Sb doping of the GeS2 electrolyte is presented. An original analysis, based 
on in-depth physico-chemical characterization, device electrical measurements, empirical model and first 
principle calculations, is shown. We argue that optimized ~10% Sb doping in the GeS2 electrolyte allows 
to achieve SET speed of 30ns at 2.2V (i.e. 0.66pJ SET programming power), while assuring 10 years data 
retention at 125°C, >105 cycling and high robustness to Sn-Pb soldering profile. Finally, the improved 
thermal stability of the filament in the GeS2-Sb matrix is clearly elucidated by means of molecular 
dynamics. 
 
 
3:40 p.m. 
31.6 High-K Metal Gate Contact RRAM (CRRAM) in Pure 28nm CMOS Logic Process, W.C. 
Shen, C.Y. Mei, Y.-D. Chih*, S.-S. Sheu**, M.-J. Tsai**, Y.-C. King, C.J. Lin, National Tsing-Hua 
University, *Taiwan Semiconductor Manufacturing Company, **Industrial Technology Research 
Institute 
 
A new high density Contact RRAM (CRRAM) cell realized in pure high-k metal gate 28nm CMOS logic 
process with a very small 35nm x 35nm resistive contact hole has been fabricated without extra masking 
or process step. This study reports the first time of a manufacturable tiny resistive node of RRAM cell on 
a 28nm CMOS logic platform and fully compatible with high-k metal gate processes. 
 
 
4:05 p.m. 



31.7 Highly Endurable Floating Body Cell Memory: Vertical Biristor, D.-I. Moon, S.-J. Choi, J.-
Y. Kim, S.-W. Ko, M.-S. Kim, J.-S. Oh*, G.-S. Lee*, M.-H. Kang*, Y.-S. Kim*, J.-W. Kim*, Y.-K. 
Choi, KAIST, *National NanoFab Center 
 
An open-base BJT named 'biristor', which is an n-p-n vertical silicon pillar, is demonstrated for high 
speed volatile memory applications. A 4F2 cross-bar memory cell array is realized by the unidirectional 
operation of the two-terminal biristor. Due to the gate-less structure, the biristor shows excellent 
endurance of up to 1016. 
 
 
4:30 p.m. 
31.8 Active Width Modulation (AWM) for Cost-Effective and Highly Reliable PRAM, D. Ha, 
K.W. Lee, K.R. Sim, J.H. Yu, S.J. Ahn, S.Y. Kim, T.H. An, S.H. Hong, S.K. Kim, J.W. Lee, B.C. Kim, 
G.H. Koh, S.W. Nam, G. Jeong, C. Chung, Samsung Electronics Co. LTD. 
 
This paper presents, for the first time, the Active Width Modulation (AWM) technology which 
compensates a string resistance with the active widths of local Y selectors for the purpose of increasing 
the number of cells-per-string (CPS). The AWM is demonstrated using 58 nm 512 Mb PRAM with 32 
CPS instead of 8 CPS [1], which can reduce the chip size by 4.3%. Also, the systematic variability of a 
program current is reduced from 17.8% to 0.82%, and that of a write energy from 47.9% to 2.0%. Both 
write endurance and disturbance of >1M cycles are achieved for 512 Mb PRAM.  The AWM can be 
further applied to increase CPS to 64 or 128, together with the reduction of a reset current for sub-40 nm 
PRAM technology and so on. 
 
Session 32: Power and Compound Semiconductor Devices - III-V Logic 
Wednesday, December 12, 1:30 p.m. 
Continental Ballroom 6 
Co-Chairs: Iain Thayne, University of Glasgow 
  Mitsuru Takenaka, The University of Tokyo 
 
1:30 p.m. 
Introduction 
 
1:35 p.m. 
32.1 Sub-30 nm InAs Quantum-Well MOSFETs with Self-Aligned Metal Contacts and Sub-1 nm 
EOT HfO2 Insulator, J. Lin, D. Antoniadis, J.A. del Alamo, Massachusetts Institute of Technology 
 
We present the shortest working III-V MOSFETs fabricated to date (Lg=22 nm). These are also the first 
III-V MOSFETs to feature self-aligned metal contacts that are 20-30 nm away from the edge of the gate. 
We obtain outstanding performance and short-channel effects through the use of a channel that 
incorporates a thin pure InAs subchannel and extremely scaled pure HfO2 gate dielectric on a very thin 
InP barrier (total EOT<1 nm). At Lg=30 nm, we demonstrate a transconductance of 1420 μS/μm and a 
subthreshold swing of 114 mV/dec at 0.5 V. At Lg=60 nm, we nearly match the subthreshold performance 
of Tri-gate InGaAs MOSFETs and demonstrate superior transconductance. Long-channel devices with a 
nearly ideal subthreshold swing of 69 mV/dec have also been fabricated. High channel mobility of 4650 
cm2V-1s-1 is reported at Ns=4x1012 cm-2. 
 
 
2:00 p.m. 
32.2 E-Mode Planar Lg = 35 nm In0.7Ga0.3As MOSFETs with InP/Al2O3/HfO2 (EOT = 0.8 nm) 
Composite Insulator, D.-H. Kim, P. Hundal, A. Papavasiliou, P. Chen, C. King, J. Paniagua, M. 



Urteaga, B. Brar, Y.G. Kim*, J.-M. Kuo**, J. Li**, P. Pinsukanjana**, Y.C. Kao**, Teledyne Scientific 
Company, *UNIST, **Intelli EPI 
 
In this paper, we propose a three-step recess process that allows us to fabricate high performance planar 
InGaAs MOSFETs with InP/Al2O3/HfO2 composite insulator. Our E-mode Lg =35 nm MOSFET with 
EOT = ~ 0.8 nm features VT = 0.17 V, DIBL = 135 mV/V and S = 115 mV/dec, as well as a negligible 
dispersion and hysteresis. Most importantly, our device exhibits the highest value of gm_max > 2 mS/µm at 
VDS = 0.5 V in any III-V MOSFETs. 
 
 
2:25 p.m. 
32.3 ETB-QW InAs MOSFET with Scaled Body for Improved Electrostatics, T.-W. Kim, D.-H. 
Kim#, D.-H. Koh, R.J. W. Hill, R.T.P. Lee, M.H. Wong, T. Cunningham, J.A. del Alamo*, S.K. 
Banergee**, S. Oktyabrsky***, A. Greene***, Y. Ohsawa^, Y. Trickett, G. Nakamura^, Q. Li^^, K.M. 
Lau^^, C. Hobbs,  P.D. Kirsch, R. Jammy, SEMATECH, #GLOBALFOUNDRIES, *Massachusetts 
Institute of Technology, **University of Texas, Austin, ***CNSE, ^TEL, ^^HKUST 
 
This paper reports Extremely-Thin-Body (ETB) InAs quantum-well (QW) MOSFETs with improved 
electrostatics down to Lg = 50 nm. The improved electrostatics are achieved by using extremely thin body 
(1/3/1 nm InGaAs/InAs/InGaAs) quantum well structure, optimized layer design and a high mobility 
InAs channel, such as S = 103 mV/dec, DIBL = 73 mV/V, gm > 1.5 mS/um and νox = 2.4ⅹ107 cm/s. 
 
 
2:50 p.m. 
32.4 Mechanism of Dangling Bond Elimination on As-Rich InGaAs Surface (Invited), W. Melitz, 
E. Chagarov, T. Kent, R. Droopad*, J. Ahn**, R. Long**, P. McIntyre**, A.C. Kummel, University of 
California, San Diego, *Texas State University, **Stanford University 
 
Scanning tunneling microscopy and density functional theory demonstrates the thermodynamically 
favorable bonding of trimethylaluminum on the InGaAs(001)-(2×4) surface to As-dimers.  DFT modeling 
shows that the bonding of trimethylaluminum to the As-dimers restores the As to tetrahedral bonding, 
eliminating the dangling bonds and thereby generating an electrically passivated surface with low midgap 
states. 
 
 
3:15 p.m. 
32.5 30nm Enhancement-Mode In0.53Ga0.47As MOSFET on Si Substrate Grown by MOCVD 
Exhibiting High Transconductance and Low On-Resistance, X. Zhou, Q. Li, C.W. Tang, K.M. Lau, 
Hong Kong University of Science and Technology 
 
30nm enhancement-mode In0.53Ga0.47As MOSFET on Si substrate grown by MOCVD was demonstrated. 
A process of post metallization annealing was developed to achieve enhancement-mode operation. An 
extrinsic peak transconductance of 1697mS/mm at Vds=0.5V and an on-resistance of 157 Ω.μm have been 
achieved. An effective mobility up to 5068 cm2/V•s was obtained. 
 
 
3:40 p.m. 
32.6 Novel Gate-Recessed Vertical InAs/GaSb TFETs with Record High ION of 180 μA/μm at 
VDS= 0.5 V, G. Zhou, R. Li, T. Vasen, M. Qi, S.D. Chae, Y. Lu, Q. Zhang, H. Zhu, J.-M. Kuo*, T. 
Kosel*, M. Wistey, P. Fay, A. Seabaugh, H. Xing, University of Notre Dame, *IntelliEPI 
 



Vertical tunnel field-effect transistors (TFETs) in which the gate field is aligned with the tunneling 
direction have been fabricated using a novel gate-recess process, resulting in record on-current 
performance.  The tunnel junction consists of InAs/GaSb with a broken band alignment.  The gate-recess 
process results in low drain ohmic contact and access resistances; together with the favorable broken gap 
heterojunction, this leads to a record high ION of 180 μA/μm at VDS = VGS = 0.5 V with an ION/IOFF ratio of 
6 x 103.  Both SiNx passivation and forming gas anneal (FGA) were found to improve the device 
subthreshold swing (SS), resulting a SSMIN of 200 mV/dec at 300 K and 50 mV/dec at 77 K.  
Capacitance-voltage (C-V) measurements indicate that the device SS performance is limited by interfacial 
trap density (Dit). 
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1:30 p.m. 
Introduction 
 
1:35 p.m. 
33.1 The Evolution of Dense Embedded Memory in High Performance Logic Technologies 
(Invited), S.S. Iyer, IBM Corporation 
 
Fast on-chip embedded memory is a critical component of modern processor chips and can be up to 70% 
of the die area in multi-core processor designs. We outline the evolution of dense memory integration in 
logic processes including and their evolution into three dimensional integration techniques to integrate 
even larger caches. 
 
 
2:00 p.m. 
33.2 Characterization of Chip-Level Hetero-Integration Technology for High-Speed, Highly 
Parallel 3D Stacked Image Processing System, K.-W. Lee, Y. Ohara, K. Kiyoyama, S. Konno, Y. Sato, 
S. Watanabe*, A. Yabata*, T. Kamada*, J.-C. Bea, H. Hashimoto, M. Murugesan, T. Fukushima, T. 
Tanaka, M. Koyanagi, Tohoku University, *Association of Super-Advanced Electronics Technologies 
 
We demonstrate the chip-level hetero-integration technology for high speed and highly parallel 3D 
stacked image processing system. The different function chips, which were fabricated by different 
technologies, are processed and stacked vertically to form a prototype 3D stacked image processing 
system in chip-level. The fundamental functions of each layer are characterized in the prototype 3D 
stacked image processing system. 
 
 
2:25 p.m. 
33.3 New Chip-to-Wafer 3D Integration Technology Using Hybrid Self-Assembly and 
Electrostatic Temporary Bonding, T. Fukushima, H. Hashiguchi*, J. Bea, Y. Ohara*, M. Murugesan, 
K.-W. Lee, T. Tanaka*, M. Koyanagi, NICHe, *Tohoku University 
 
We proposed a new chip-to-wafer 3D integration technology using hybrid self-assembly and electrostatic 
temporary bonding. In the hybrid self-assembly-based chip-to-wafer 3D integration (HSA-CtW) 
approach, liquid surface-tension-driven chip self-assembly combined with high-speed robotic pick-and-
place chip assembly. Hybrid self-assembly can realize high-throughput chip assembly of 0.3 sec/chip 



(~12,000 chips/hour) with an alignment accuracy of within 1 um. The electrostatic multichip temporary 
bonding technique enabled stress-free direct bonding of self-assembled chips at room temperature. No 
MOSFET damage was confirmed when high voltage ( > 200 V) for electrostatic multichip bonding was 
applied to the self-assembled chips. We obtained good electrical characteristics from three-dimensionally 
stacked and thinned chips with Cu/SnAg microbump and Cu-TSV daisy chains formed by HSA-CtW. 
 
 
2:50 p.m. 
33.4 Thinning, Stacking, and TSV Proximity Effects for Poly and High-K/Metal Gate CMOS 
Devices in an Advanced 3D Integration Process, T. Lo, M.F. Chen, S.B. Jan, W.C. Tsai, Y.C. Tseng, 
C.S. Lin, T.J. Chiu, W.S. Lu, H.A. Teng, S.M. Chen, S.Y. Hou, S.P. Jeng, C.H. Yu, Taiwan 
Semiconductor Manufacturing Company 
 
An advanced 3D integration process featuring through silicon via (TSV) technology has been 
demonstrated. Using this 3D process, Poly and High-K/Metal Gate (HKMG) CMOS wafers have been 
successfully thinned and stacked, showing little to no degradation in the process. The effect of TSV 
induced mechanical stress on ΔIdsat for HKMG is found to be smaller as compared to Poly Gate devices 
for the same channel length (ΔIdsat ratio of HKMG to Poly is ~0.3 and ~0.5 for PMOS and NMOS, 
respectively). In addition, we show that ΔIdsat for HKMG device is proportional to TSV diameter square, 
independent of TSV orientation, device polarity, and device distance from TSV. 
 
 
3:15 p.m. 
33.5 Improved Thermal Conductivity by Vertical Graphene Contact Formation for Thermal 
TSV, M. Nihei, A. Kawabata, T. Murakami, M. Sato, N. Yokoyama, National Institute of Advanced 
Industrial Science and Technology (AIST) 
 
The thermal conductivity of dense vertical and horizontal graphene (DVHG) was improved by forming 
vertical graphene contacts for thermal TSV. We improved the thermal and electrical conductivity by a 
factor of 10 and 100, respectively. The pyrolytic graphite with vertical graphene contacts showed a 
thermal conductivity of 1426 W/mK. 
 
 
3:40 p.m. 
33.6 3D Ferroelectric-Like NVM/CMOS Hybrid Chip by Sub-400oC Sequential Layered 
Integration, Y.-C. Lien, J.-M. Shieh, W.-H. Huang, W.-S. Hsieh, C.-H. Tu*, C. Wang*, C.-H. Shen, T.-
H. Chou, M.-C. Chen, J.Y. Huang*, C.-L. Pan**, Y.-C. Lai*, C. Hu***, F.-L. Yang, National Nano 
Device Laboratories, *National Chiao Tung University, **National Tsing Hua University, ***University 
of California, Berkeley 
 
For the first time, a sequentially processed 3D hybrid chip is demonstrated by stacking low-temperature 
(LT) Ferroelectric-like (FE-like) metal-oxide nonvolatile memory (NVM) and CMOS. The high-mobility 
(333 and 113 cm2/V-s) and low-subthreshold swing (97 and 112 mV/decade) N/P-type thin film 
transistors (TFTs) construct stacked inverters showing sharp transfer characteristic as the fundamental 
element of CMOS array and stacked 3D NVMs. The sequential layered integration is enabled by cutting-
edge low thermal-budget plasma/laser processes and self-assembled FE-like metal-oxide materials. The 
implementation of sub-400oC new-type metal-ion (Eu+3)-mediated atomic-polar-structured (Eu+3-APS) 
dielectric realizes stackable FE-like NVMs with program speed of 100 nanosecond, toward future 3D 
layered CMOS with giant high-speed data-storage application era. 
 
 



4:05 p.m. 
33.7 Electromigration Extendibility of Cu(Mn) Alloy-Seed Interconnects, and Understanding the 
Fundamentals, T. Nogami, C. Penny, A. Madan^^, C. Parks^^, J. Li, P. Flaitz^^, A. Uedono**, S. 
Chiang^, M. He*, A. Simon^^, T. Bolom*, T. Ryan*, F. Ito***, C. Christiansen#, L. Tai^^, C.-K. Hu^^^, 
H. Kim*, X. Zhang*, K. Tanwar*, S. Choi^^, F. Baumann^^, R. Davis^^, J. Kelly, R. Murphy^^, S. 
Molis^^, J. Rowland^^, P. Dehaven^^, D. Canaperi, T. Spooner, D. Edelstein^^^, IBM at Albany Nano 
Technology Research Center, *GLOBALFOUNDRIES Inc., **University of Tsukuba, ***Renesas 
Electronics America Inc., ^Applied Materials Inc., ^^IBM Semiconductor Research and Development 
Center, ^^^IBM T.J. Watson Research Center, #IBM Microelectronics 
 
Cu(Mn) alloy seed BEOL studies revealed fundamental insights into Mn segregation and EM 
enhancement.  We found a metallic-state Mn-rich Cu layer under the MnOx layer at the Cu/SiCNH cap 
interface, and correlated this metallic layer with additional EM enhancement.  A carbonyl-based CVD-Co 
liner film consumed Mn, reducing its segregation and EM benefit, suggesting an O-free Co liner film is 
strategic for Cu-alloy seed extendibility. 
 
4:30 p.m. 
33.8 A 90nm CMOS Integrated Nano-Photonics Technology for 25Gbps WDM Optical 
Communications Applications, S. Assefa, S. Shank***, W. Green, M. Khater, E. Kiewra, C. Reinholm, 
S. Kamlapurkar, A. Rylyakov, C. Schow, F. Horst*, H. Pan, T. Topuria**, P. Rice**, D. M. Gill, J. 
Rosenberg, T. Barwicz, M. Yang, J. Proesel, J. Hofrichter*, B. Offrein*, X. Gu, W. Haensch, J. Ellis-
Monaghan***, Y. Vlasov, IBM T. J. Watson Research Center, *IBM Research GmbH, **IBM Research, 
***IBM Systems & Technology Group 
 
The first sub-100nm technology that allows the monolithic integration of optical modulators and 
germanium photodetectors as features into a current 90nm base highperformance logic technology node is 
demonstrated. The resulting 90nm CMOS-integrated Nano-Photonics technology node is optimized for 
analog functionality to yield powerefficient single-die multichannel wavelength-mulitplexed 25Gbps 
transceivers. 
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