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Emerging Technology Sequence

Defect Molecular CNN Quantum
Tolerant computing
QCA
3D
Integration
RSFQ QCA Molecular
SET
RTD-FET
Magnetic RAM Phase Change
Nano FG SET Molecular
FD SOI
Strained
Si
Vertical FinFET Planar
Transistor double gate
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DouBLE-GATE

DEvICE ULTRA-THIN BoDY SOI TRANS STOR VERTICAL TRANSISTOR FINFET TRANSSTO
SiGe or Strained Si Double-gate or surround-gate structure
CONCEPT Fully depleted SOI channel; bulk Si or (No specific temporal sequence for these three structures is

SOl

intended)

APPLICATION/DRIVER

Hi

«

her performance, Higher transistor density, Lower power dissipation

ADVANTAGES

-Improved
subthreshold slope

-V, controllability

-Higher drive current

-Compatible with
bulk and SOI CMOS

-Higher drive
current

Lithography
independent Lg

-Higher drive
current
-Improved
subthreshold
slope
-Improved short
channel effect
-Stacked NAND

-Higher drive
current
-Improved
subthreshold
slope
-Improved short
channel effect
-Stacked NAND

-Si film thickness

-Si film thickness

-Gate alignment
-Si film thickness

-Si film thickness -High mobility film -Gate stack -Gate stack -Gate stack
-Gate stack thickness, in case of | -Integrability -Process -Integrability
SCALING | SSUES -Worse short channel | SOl -Process complexity -Process
effect than bulk -Gate stack complexity -Accurate TCAD complexity
CMOS -Integration -Accurate TCAD including QM -Accurate TCAD
including QM effect including QM
effect
-Device -Device characterization
characterization -Device -PD versus FD
DESGN CHALLENGES -Compact model and | characterization -Compact model and parameter extraction
parameter extraction -Applicability to mixed signal applications
MATURITY Development
TIMING Near Future >
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Emerging Research Memory Devices

STORAGE BASELINE 2002 MAGNETIC RAM PHASE CHANGE NANO FLOATING SET(;'(‘;/RFOE’\\IN MOLECULAR
MECHANISM TECHNOLOGIES MEMORY GATE MEMORY MEMORIES
MEMORIES
= B=E | o= it
TR B e - B
T s
-BISTABLE
SMTCH
Pscupo- MAGNETIC -ENGINEERED -MOLECULAR
DEVICE TYPES DRAM NOR FLASH SPIN- TUNNEL OUM TUNNEL BARRIER SET NEMS
VALVE JUNCTION -NANOCRYSTAL -SPIN BASED
MOLECULAR
DEVICES
AVAILABILITY 2002 ~2004 ~2004 ~2004 >2005 >2007 >2010
INITIAL F VALUE 130 nm 150 nm 350 nm 130 nm 100 nm 80 nm 65 nm 45 nm
8F’ 10F” ~40F° | 20-40F° 6F° 2 2 2
CewSzE | o14pm® | 0.19um® | 49um® | 0.68pm° |  0.06 um® Lo R 2F
' ' ' ' ' 0.04 ~0.04 0.004
1T 1T oT oT 1T um um um
ACCESSTIME <20 ns ~80 ns <25ns <10 ns <100 ns <10 ns <10ns ~10 ns
STORE TIME <20 ns ~1ms <25ns <10 ns <100ns <10 ns <100 ns ~10 ns
RETENTION 64 ms >10 yrs >10 yrs >10 yrs >10 yrs >10 yrs Segonds EO Days
minutes
E/W CYCLES Infinite >1E5 >1E15 >1E13 >1E13 >1E6 >1E9 >1E15
Density,
Power
Identical
Non-volatile Switches,
High enduranée Non-volatile, Non-volatile Larger I/O
GENERAL Density Non-volat g . Low power, ' Density difference,
. Fast read and write, Fast read and 7
ADVANTAGES Economy ile o NDRO, . Power Opportunities
Radiation hard, L write .
Radiation hard for 3D easier
NDRO to
interconnect
defect tolerant
circuitry
L Dimensional
Integration issues,
) ) . Control (Room :
Material quality, New materials Material temperature Volatile
CHALLENGES Scaling Scaling Control magnetic and Qualit o epration) Thermal
properties for write integration y P ! Stability
. Background
operations
Charge
MATURITY Production Development Development | Demonstrated | Demonstrated | Demonstrated
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Emerging Logic Devices
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SNGLE RAPID SNGLE QUANTUM
DEVICE RES%\:/;'\[')TET_UEE.EI_UNG ELECTRON QUANTUM FLUX CELLULAR NSE\TCUEBSE MOLECULAR DEVICES
TRANSISTOR LoaIC AUTOMATA
Josephson
. . Junction -Electronic QCA 2-terminal and
TYPES 3-terminal 3-terminal +inductance -Magnetic QCA FET 3-terminal
loop
Identity of
: High functional individual switches
High speed, densit (e.g., size
Density, Density, Potentially No interco?/{nect Densit ro %.r’ties) ;)n
ADVANTAGES Performance, Power, robust, . Y: prop
: . - in signal path, Power sub-nm level.
RF Function (insensitive to : .
timing error) Fast and low Potgntlal solution to
power interconnect
problem
New device Limited fan out,
and system, Dimensional
. . , Thermal and
Dimensional control (room New device )
Low environmental
. , control (e.g., temperature and system, o
Matching of device room temp temperatures, operation) Difficult route stability,
CHALLENGES properties across operation), Fabrication of Architecture, for fabricating Two tgrmlnal
wafer : complex, dense devices,
Noise (offset L Feedback from complex
circuitry . o Need for new
charge), devices, circuitry architectures
Lack of drive Background
current charge
MATURITY Demonstrated Demonstrated Demonstrated Demonstrated Demonstrated Demonstrated




Emerging Research Architecture
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ARCHITECTURE 3-D INTEGRATION CELLULAR DEFECT TOLERANT MOLECULAR NONLINEAR QUANTUM
ARCHITECTURE ARCHITECTURE COMPUTING
AUTOMATA NETWORKS
Spin resonance
CMOS with Intelligentl Molecular Single electron transistors,
DEVICE dissimilar Arrays of assergr]lbleg switches and g arra NMR devices,
IMPLEMENTATION material quantum dots . : Array Single flux
nanodevices memories architectures
systems quantum
devices
Less Exponential
. . : Enables
interconnect High functional Supports Supports utilization of performance
delay, density. No hardware with memory . scaling,
ADVANTAGES , : ! single electron
Enables mixed interconnects defect densities based . Enables
L : devices at room
technology in signal path >50% computing unbreakable
: temperature
solutions cryptography
Limited fan out,
Heat rem_oval, Dimensional Subject to Extreme
No design control (low : -
Requires o background application
tools, temperature : Limited . S
CHALLENGES Difficult test operation) pre-computing functionalit noise, limitation,
perat ! test y Tight Extreme
and Sensitive to tolerances technolo
measurement background g9y
charge
Demonstration Concept Demonstration Concept

MATURITY

Demonstration

Demonstration
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Emerging Technology Parametrization

Log switching time in See

Log cost in $/gate?
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