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Overview

* Theobjective

— Look for new device/architecture opportunities at the
nanoscale

A potential nanoscale device technology
— Double Gate Transistors

A 3D reconfigurable building block
— Based on DG transistors and Resonant Tunneling

 Whereisthis heading?
— Reconfigurable nanocomputer architecture

e Conclusions
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ODbjective

To explore technologies and architectures
for reconfigurable systems that will operate
al nanoscale dimensions

2012/13: 10-30nm
Standardization Limit of ITRS &
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Customization Source: Makimoto, 2002 - " The Next Wave"

' RMIT 2003 Reconfigurable Architecture Workshop
UNIVERSITY




Reconfigurable/Spatial Architectures
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Source: Jan M. Rabaey Flexibility
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Reconfigurable/Spatial Architectures

o simplified processing technology
 flexible organizations

— allowing atradeoff between the routing and logic
— not reliant on global interconnections

e an organization that reduces or hides the
overhead imposed by reconfigurability

 high component density
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Reconfigurable/Spatial Architectures
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Source: Taylor et al — The RAW Microprocessor

Fine-grained:

e.g. Sea-of-gates

Coarse-grained:
e.g. the RAW Microprocessor
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A Nanoscale “ Cambrian Explosion”
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Double-Gate MOSFETS

———  Thin-body fully depleted
Top Oxide Tpyx = 1.5nm M OSFET
— Gatefields overlap
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A Reconfigurable Logic Céll
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A Reconfigurable 1/0 Cdll

 |nverting/non- Vo ‘{h:o_ _
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driver n, I

e May be used to :

determine direction
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Multi-valued SRAM

e 3-state memory werd L\i/”e
(Wei & Lin) l B
* V,,matched by LT
adjusting thickness
of RTD barrier Bit Line
layers Vss
| somnts |  Ultimate dimensions
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Sb A-dopi | ~
oping plans L nm undoped Si Tt = 320°C =~ 50nm
B &-daping plans 2l nm undoped Si butfer
p aubsirate — = 3 X 109 Cel |S/Cm2

Source: Jn et al, 2001
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A Reconfigurable Building Block

e Based on 3-transistor cell

o Appearsexternally asn x m
memory array

e Logic complementary pair
merged verticaly with RTD
stack
— Multivalued storage

— RTD memory produces
configuration bias
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A Reconflgurable Loglc Block
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A Polymorphic Array

 Logic+ /O cells
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organized into array with
adjacent connections
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A Polymorphlc Array
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A Polymorphic Array
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Where to now?

 Reconfigurable Nanocomputer
Architectures

o Synchronous (central clock)
— Power/area?
o Totally asynchronous? Ch >
« Globally asynchronous, locally D”\5 2 ;- 2 2
synchronous (GALS)? G dy ) lerl| D e e,
« FPGA's not typically suited to
asynchronous design éj T
— MONTAGE, PGA-STC, STACC & (DELAYS A @
IN 1 2
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Reconfigurable Asynchronous

Processing
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Conclusions

Future nanoscale components will tend to favor smple, locally
connected organizations

— Complex heterogeneous structures will be increasingly difficult to build
— Nanoscale devices exhibit poor reliability and low drive

Nanoscal e components can offer novel functionality not available in
bulk devices

— e.g. thin-body undoped SOI processes supports DG transistors with
programmabl e threshold

— thin film based RTD memory
— 3D organisations

Fine-grained reconfigurable architectures will be plausible
— Need to reduce reconfiguration overheads
— Need to trade off routing vs. logic
— Need to use extensive pipelining/ asynchronous design/ GALS
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Thank You

A Polymorphic Hardware Platform
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