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Control Logic Unit for Autonomous 
Micro-Scale Systems
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In principle, the full MPU capabilities can be 
realized within 10um square if we can sustain 
scaling to ultimate CMOS (~5 nm gate lengths)
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Energetics of an Autonomous Micron-
Scale System
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Summary: Extreme Microsystems

Extremely-scaled CMOS technology should support 
computation and control for the ten micron cube

Beyond CMOS devices may offer more functionality at lower device
count

Technology issues aside, it appears that a careful atomic-
level trade-off could yield a functional system.
Micron-scale energy sources are key to extreme 
microsystems

Design space is bounded by the limits of electrochemical sources
Alternative energy sources should be investigated

Potential for arrays of nano-scale sensors needs further 
exploration

Communication energy/volume expenditures is most costly 
activity – should therefore maximize “system intelligence”



Summary: Extreme Microsystems

Communication energy/volume expenditures is most costly 
activity – should therefore maximize “system intelligence”

Question 
How might Emerging Research Devices and 
Architectures best enable Extreme Microsystem 
functions?
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2007 ITRS ERD Chapter
Capacitance-based memory technologies
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2007 ITRS ERD
CMOS Scaling & Replacement Emerging Research Logic 

Devices
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Emerging Research 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
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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

Architecture Implementation Computational 
Elements Network Application Research 
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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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Conclusions
Some new approaches to obtaining dense, high 
speed, non-volatile memory are showing some 
promise for success in replacing SRAM.
Conversely, most new approaches proposed for 
emerging binary logic devices show only modest 
potential to eventually replace CMOS.
However, emerging logic devices may have unique 
analog properties that provide complementary 
functions when integrated with CMOS.
These observations suggest new information 
processing algorithms, such Associative Memory 
Processors for certain applications.
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