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2007 ITRS Winter Public Conference, 5 December 2007, Makuhari Messe, Chiba, Japan
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2008 ERD/ERM Workshops

STRI

Workshop topic Date Location Meeting

Emerging Research | April 2 | Bonn, !STlflﬁ

Memory Devices 2008 Germany Pring
meeting

Emerging Research | July 10-11 | Santa Cruz, Semicon

Architectures 2008 CA, USA West

Evaluation of San :

Beyond CMOS ‘;%Ig812'13 Francisco, \S/\?en;;con

Logic Device Tech CA, USA

Emerging Research | Sept. 22 | Tsukuba, SSDM

Logic Devices 2008 Japan

Emerging Research | Nov. 10 Austin, TX, MMM*

Materials 2008 USA

Emerging Research | March Okinawa,

Materials 2009 Japan

* 53' Magnetism and Magnetic Materials Conference

Co-sponsored by the National Science Foundation
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Beyond CMOS Maturity Evaluation WS

Date : 7/12 8:00 - 22:00, 7/13 9:00-16:30
Place : San Francisco Marriott Hotel

1. NEMS Switch Technology,
Akarvardar (Stanford) and Elata (Technion)
2. Spin Torque Transfer Technology,
Allen (UCSB) and Yablonovitch (UC Berkeley)
3. Carbon-based Nanoelectronics,
Kim (Columbia U.) and Javey
4. Atomic Switch / Electrochemical Metal Switch,
Kuekes (HP) and Chen (AMD)
5. Collective Spin Devices (including M-QCA),
Wang (UCLA) and Bandyopadhyay (VCU)
6. Single Electron Transistors,
Fujiwara (NTT) and Likharev (Stony Brook U.)
7. CMOL and FPNI,

Likharev (Stony Brook U.) and DeHon (U. Pa.)
STRJ WS: March 5, 2009, WG12 ERD 11
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Beyond CMOS Maturity Workshop

B IR B L
Carbon-based Nanoelectronics 1
Collective Spin Devices 2
Spin Torque Transfer Technology 3
Atomic Switch/Electrochemical Metal Switch 4

CMOL and FPNI
NEMS Switch Technology
Single Electron Transistors
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SP, Carbon: O-Dimension to 3-Dimension

Atomic orbital sp,
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Fullerenes (Cg,) | | Carbon Nanotubes Graphite

m 2008 ITRS Winter Conference — Seoul, Korea—- 9 December 2008
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Graphene Electronics: Conventional & Non-conventional

Conventional Devices

Band gap engineered Graphene quantum dot
FET Graphene nanoribbons
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(Manchester group) _ _ _

Nonconventional Devices

b L-region

Graphene
Side Gate

Graphene Channel

Graphene
Side Gate

fop gate

bottom gate

‘Electrode

Graphene Veselago lense Graphene psedospintronics

Graphene Spintronics

Cheianov et al. Science (07) Son et al. Nature (07) Trauzettel et al. Nature Phys. (07)

m 2008 ITRS Winter Conference — Seoul, Korea— 9 December 2008




Nanotube FET

From bottom to top
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Schottky barrier switching
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Ph. Avouris et al, Nature Nanotechnology 2, 605 (2007) o ” ~ ,; Zj " " *
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2007 ITRS ERD

STRI

CMOS Scaling & Replacement Devices (1)

Device + [ -
liggl q l [j& | D)
FET CMOS CMOS HEF nF MmOy | REVRS
Extension | Extension | k52 v DORA
BRTiEE | -V Fv AR5
RIL
Ref. |CMOS Extensio Beyond CMOS
Types Si CMOS CNT FET olll-V SET «2-terminal *Moving *Spin Gain
‘NW FET compound *3-terminal domain wall transistor
*NW hetero- semiconductor FET *Hybrid Hall *HMF Spin
structures channel «3-terminal effect MOSFET
*Nanoribbon replacement bipolar *Magnetic *Spin
transistors transistor Resistive Torque
‘NEMS Element Transistor
*Molecular *M: QCA
QCA
Supported Conventional | Conventional Conventional Threshold Memory- Lithographical | conventional
Architectures logic based ly defined
QCA

2007 ITRS Winter Public Conference, 5 December 2007, Makuhari Messe, Chiba, Japan
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2007 ITRS ERD
CMOS Supplement Devices (2" Table)
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Device | #IGhY | TILFT | BEF | 5FT/\( | BHEMET/N | REVTA
FNFA | zOMVT [ MY | R 1R 1R
=k ORIV | ORE

Ea

State Charge Dielectric | Charge | Molecular Ferromagnet | Precession

variable and Conformation | ic frequency

magnetic polarization
domain
polarization

Response | Negative | Four Coulomb | Hysteritic Non-linear | Nonlinear

function | differential | resistive blockade
resistance | states

2007 ITRS Winter Public Conference, 5 December 2007, Makuhari Messe, Chiba, Japan
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Logic TableAARZE aw

T. Hiramoto, Dec. 14, 2009.

2007 Version 2009 Version (Proposed)
2+ 1 Table 3+ 1 Table
e =merging Logig —| (1) CMOS Extension

(General Purpose)

Processing Devices (CMOS Supplement)

(2) Alternative Info. |, § (2) Beyond CMOS

(3) Pure Beyond CMOS
(CMOS replacement)

Transition Table Transition Table
Classified by Classified by
Principles and Materials Operation Principles
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Evolution of Extended CMOS

\STRI

ERD-WG in Japan

Existing technologies

I
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New technologies
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/
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Titles for the three Emerging Research Logic Tables

Table 1: “MOSFET: Extending the Channel of
MOSFETSs to the End of the Roadmap”

Table 2: “Non-Conventional FET, Charge-based
Extended CMOS Devices”

Table 3: “Non-FET, Non Charge-based ‘Beyond
CMOS’ Devices”

STRJ WS: March 5, 2009, WG12 ERD 20



Emerging Research Device TR
Work Groups

International Emerging Research Devices (ERD)
Work Group

A

US ERD | Japan ERD | Korea ERD || European ERD
WG WG WG WG
Dr. U-In
Chung

m; 2008 ITRS Winter Conference — Seoul, Korea— 9 December 2008
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