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Today

+ Device requirements

- Manufacturing requirements
- Fabrication

 Micro-nano scale matching
 Reconfigurable computing

- Architectures

Computing Devices

+ Completeness

+ Logic Restoration

* Fan-out

* Input/Output Isolation

+ Power Gain

* Inexpensive

* Low power (zero static power)
- Dense packing

* Reliable
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Switching

- Devices must have some non-linear
characteristic that supports logical
computation
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Completeness

* Must be able to generate all functions

NOT AND OR NAND
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Is AND sufficient?
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Logic Restoration

* Why?
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Fan-out
+ The ability to drive more than one
output.
* Why?

a sum
b carry
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/0O Isolation

+ A change in the output does not
affect the value of the input.

+ Why?

eeeeeeee

Power gain

* Is it strictly necessary?

+ SirM model
- Switching
- Isolation
- Restoration
- Memory

[=1]

Necessary Device Abstraction

+ Transistor provides it all

- Switch .
Necessary for logic

- Fan-out
- 1/O isolation } Necessary for
- Signal restoration large designs

* Replace single abstraction with multiple
abstractions: SIRM

+ Enables an incremental path to direct
nano-circuits

SIRM

SIRM decomposes the abstraction into
its fundumental components.

- Switch .
) Necessary for logic

- | solation

- Restoration ITIeces;ary for

- Memory arge designs

SIRM already in use

Allows circuit designers to explicitly
manage the different components of a
scalable circuit technology
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SIRM Example

Nano-restorer
Nano-switch

A&B
A -
Nano-isolator

B
New Way

+ Breaks up transistor abstraction
into its components

+ Allows creation of library of
composable components

+ Increases freedom of design
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Manufacturing Requirements

* Inexpensive

- Reliable

* High yield

- Dense packing
- Scalable

- Top-Down: Photolithography-

Combines manufacturing and assembly
into one step!

- Bottom-up: ?

1o98

(scalable) Bottom-up assembly

+ Many different techniques:

- Langmuir-Blodgett files

- Flow-based alignment

- EM alignment

- Self-assembled monolayers

- Chemical synthesis

- DNA-based assembly

- Nano-imprinting
+ Separates manufacturing and assembly!
+ Often, no precise placement control
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Fabrication Is Different

« Devices & wires alone are not useful

- Key to nanoscale computing is
bottom-up assembly

Control, configurati on_dwompreﬂ'on,
L L L |
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Fabrication Primitives
- Parallel wires
- 2-D grids

Fabrication Primitives
- Parallel wires
- 2-D grids
- Self-assembled monolayers

i SUBSTRATE

q_: MOLECULES IN SOLLUTION SELF-ASSEMBLED MONOLAYER

SOLUTION
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Fabrication Primitives
- Parallel wires
- 2-D grids
- Self-assembled monolayers
- Connections between orthogonal wires

T
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Fabrication Primitives
- Parallel wires
- 2-D grids
- Self-assembled monolayers
- Connections between orthogonal wires
- Connections to CMOS
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Fabrication Primitives
- Parallel wires
- 2-D grids
- Self-assembled monolayers

- Connections between
orthogonal wires

- Connections to CMOS
- Non-deterministic placement

Fabrication Primitives
- Parallel wires
- 2-D grids
- Self-assembled monolayers

- Connections between
orthogonal wires

- Connections to CMOS
- Non-deterministic placement
- Selective variability on a lithographic scale

Building a Computing Crystal
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Building a Computing Crystal
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