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Highlights of Changes 
Scope of ERD Chapter

Invent the new “switch” – Emerging information processing* devices to 
eventually replace CMOS Boolean logic
Supplement Si CMOS – Use the physics of emerging research devices to 
realize complex typically nonlinear functions in an accelerator-like fashion

Perform certain functions more efficiently than digital CMOS
Eventually extend CMOS and nanoelectronics to address  new applications

Spin off a new chapter on Emerging Research Materials
Expand the Emerging Architecture Section
Expand scope of the Emerging Logic Section – supplement CMOS

Example: Image Processing using emerging research devices integrated on a 
CMOS Platform.

Update the Emerging Memory Section

*ERD Chapter includes the following elements of Information Processing: 
Data processing, storage and communication.



4 ERD 2007 ITRS Winter Conference  – Makuhari, Japan  – 5 December 2007
year

Beyond CMOS

Elements

ERD-WG in Japan

Existing technologies

New technologies

Evolution of Extended CMOS
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2005 ITRS ERD Chapter
Emerging Research Memory Devices
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New device concept, promising 
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recent publications
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2007 ITRS ERD Chapter
Capacitance-based memory technologies
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2007 ITRS ERD Chapter
Resistance-based memory technologies
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2005 ITRS ERD
Emerging Research Logic Devices

Device
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Transition Table for Emerging Logic Devices
 IN/OUT Reason for IN/OUT Comment 

Rapid Single Flux 
Quanta OUT 

RSFQ devices, systems and 
circuits have been developed, 

prototyped, and fabricated.  
They could become an 

important technology if the 
correct market driver emerges  

Design and fabrication lines 
for RSFQ systems exist.  

Cryogenic operation, cost  
and material integration 

issues limit application space   

CMOS extension- IN 
Low bandgap, compound III-V 

materials can potentially 
improve transistor 

performance  

Research on compound III –V 
materials on SI substrates 
has increased significantly 

over the last 2 years 

Impact Ionization 
MOS IN (pending) 

Simulation results showing 
very low sub threshold slopes 

indicate potential for low 
power operation  

May be included 
in future editions 

Lateral interband 
tunneling 
transistor 

IN (pending) 
Potential to utilize gate 

modulated interband tunneling 
to reduce subthreshold slope  

May be included 
in future editions

Floating gate MOS 
devices IN (pending) 

Devices with nanocrystals 
embedded in gate allow 
circuits with tuneable 

thresholds.  Potential for low 
power circuits 

May be included 
in future editions

Nano Electro 
Mechanical 
Systems  

IN (pending) 
Potential for ultra low leakage 
device based on nano relay 

operation  

May be included 
in future editions
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2007 ITRS ERD
CMOS Scaling & Replacement Devices (1st) 
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Logic Device Conclusions

Continued analysis of alternative technology entries 
likely will continue to yield the same result:  

Nothing beats MOSFETs overall for performing 
Boolean logic operations at comparable risk levels

Certain functions, e.g. image recognition  (associative 
processing), may be more efficiently done in networks 
of non-linear devices rather than Boolean logic gates
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Supplementing CMOS

General Purpose Processor

Basis of Existing 
Assessments of 
Logic Devices

A possible ultimate evolution of on-
chip architectures is Asynchronous 
Heterogeneous Multi-Core with 
Hierarchical Processors Organization
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2007 ITRS ERD
CMOS Supplement Devices (2nd)
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Emerging Research Architectures

CMOL – ‘Molecule on CMOS’ architecture
CNN – Cellular Nonlinear Network
AMP – Associative Memory Processor

GPP – General Purpose Processor
FG-MOS – Floating Gate MOS devices
SET – single electron transistor

Recognition
Mining
Synthesis

MixedMFDT,
Spin-gain transistorBio-inspired

Recognition/VisionIrregular/
FixedFG-FET, SETAMP
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FlexibleCMOS+SensorsCNN

Morphic
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Fixed

CMOS+
Ferromagnetic logicCheck-point
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FlexibleMolecular SwitchesMolecular 

Cross-bar

Synthesis/GPPIrregular/
Fixed

CMOS+Molecular
SwitchesCMOL

Synthesis/GPPIrregular/
FixedCMOSAsymmetric 

cores

Heterogeneous

Synthesis/GPPIrregular/
FixedCMOSSymmetric coresHomogeneous 

Many-Core

Research 
ActivityApplicationNetworkComputational 

ElementsImplementationArchitecture

MFTD – multiferroic 
tunnel diode
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Image recognition
Speech recognition 
DSP (cross correlation)
Data Mining 
Optimization
Physical simulation
Sensory data processing (biological, physical)
Image creation
Cryptographic analysis

Potential Supplemental Applications

Illustrative 
Example
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Top down information processing 
Image Recognition

Tadashi Shibata, University of Tokyo
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Specialized devices for image recognition

Heterogate ferroelectric FGMOS FET
Tadashi Shibata, University of Tokyo
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Image recognition

Tadashi Shibata, University of Tokyo
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Summary
Scope:  Broaden scope to encourage emerging technologies both to 
supplement CMOS as well as eventually to invent the new “switch”.
Materials Section: Spin out a new cross-cut chapter on Emerging 
Research Materials.
Memory Section: Added NEMS mechanical memory to section.  
– Divide Emerging Memory Tables into Resistive and Capacitive 

subcategories
– Updated section in 2007.

Logic Section: Reformulated Logic Device Section to encourage 
high potential, but high risk approaches while maintaining 
Technology Entry evaluation function. 

– Re-considered status of candidate Technology Entries.
– Re-structured Logic Section.

Architecture Section: Revised section to focus on encouraging 
research to explore optimal organization of emerging non-linear 
devices to efficiently realize accelerator-like functions to supplement 
the CMOS platform technology.


