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Primary Areas of Interest —
Nano Electronics and Photonics Forum

Molecular Switches, Gates, Sensors
Nanowires and Interconnect Systems

Self Assembly Enabled Fabrication

Nanobiological Materials and Processes
Memory and Reconfigurable Architectures
Electro-Optical Materials and Nanostructures
Bandgap, Nonlinear, & Other Photonic Systems
Quantum Devices &pintronics

Nanostructured materials with Novel Photonic and / or
Electronic Properties

Nanoprinting, Imprinting, "Soft" Lithography, & Metular
Depositiol




Self Assembly
Process Development Trajectories

Enhance “Friendliness” to Novel Materials In
“Traditional” Micro-litho Fab Facilities

Integrated Biological and Non-Biological NanoStuurets
Supra-molecular Synthesis

Integrated / Inter-related Techniques for Patteyivtatter
Chemical Handles for Attachment to Surfaces

Fabrication processes approachmg ZIP ~Zero In\vynto
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Self Assembly and
Biologically Inspired Processes

o Why Self Assembly?
« Why Biology?
o Market Models, Economic Considerations

» Example Technology Developments
o Future Trend' % M
» Conclusions “:
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Why Self Assembly? —
Functional Attributes, Target Goals

Just as needed fabrication processes
Functional Diversity
Low cost, disposable device technology
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Examples of Nanofabrication Enabled by Self Assenalpig
Biologically Inspired Processes

Self organizing / assembling nanocryst
and quantum dots
SAM (Self Assembled Monolayers)

structures
Genetic “magnification” of biological
with electronic and photonic properties |
Living organisms as b;\gjﬁgﬂ_;:elﬂesy and
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Integrated Electronics / Electro-optics
Sensors / Distributed Detection
Self Assembling Mirrors / Photonics

RFID / nano-barcoc -

Advantages of Molecular
Electronics over Silicon:
Bottom-up vs. Top-Down

Molecular Electronics Uses Self-Assembly!

B [ he red sides of these tiny
WWmirrored particles are attracted
syto water, and their green sides

are repelled by water. This
causes the particles to encase

Assembly

Bof water



The Emergent NanoEconomy
- Self Assembly

o Moore’s FtLaw is Not Relevant, Moore’s"2Law is
» Systems Approach to an Emergent Industrial Infoastire
o Enabling Access to New Markets that Could Not Othes EXxist




Integrating Current Technolog
and Fabrication Infrastructure Commitments
with Emergent Nanofoundry Capacity

Microscale top down silicon / CMOS becomes the ‘latrboard” for
bottom up self organizing nanostructure systems

Integrated “operational ecologies” of fluidics, @gt mechanical,
electrical, chemical modalities

Transition from 2D platforms to 3D manifolds
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The Emergent NanoEconomy

Moore’s Second Law

Cost of Fab
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The goal Is process integration

« Self Assembly / Self Organization
» Biolithography / “Soft” lithography
« Supra molecular manipulation ___moiecules

SelfAssembly
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Synergistically Enabling Foundry Processes in
Photonics, Electronics, Fluidics — Nanolmprinting
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Biolithography — Directed Biochemical Assembl
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Combinatorial / Synergistically
Inter-relatable Process Modalities

o Self-assembled DNA
carbon nanotube
“nanobiotronic’
devices

U of South Carolina -
Seminario, Agapito,

Figueroa

Fig. |. A bhinmochip, hased in polygons made of carbon
nunotubes and interconnecting DNA ragments.
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Define “Tools

Goal of the tool is to manipulate molecules andgoatmatter

Electro-Molecular —— Heterogeneou
Manlpulatlon » AN AN Assembly
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Molecules as Tools — o

Not Just Endproducts inigg
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Nanotubes - carbon, polym4r, 4 e T %

protein, etc.
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organic dopants weginbon

Molecular Components
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nanotubes, dendrimers, various molecular structures

 Integration of organic and in-




Objective: Improved Processes for ManufacturingrHig
Precision Functionalized Nanostructures

Present strategies for nanofabrication

Core : “Active Material™
1-30 nm Size Spheres,
Rods, Disks, etc...

QD decorated With “” charges
Shells: “Proctive or
Complementary Layers™

Functional Groups:

“Chemical Hooks or other

chemically, electrically, Surface Groups: “Passivating, Proctective, and o et
optically active groups™ Chemically Active Layer” Assembly

Mattoussi et al,
(IACS, 2000)

Target future nanofabrication goals

20 nanometers




Heterogeneous Integration Process
for Micro/Nanofabricatior--Syyergy obT ogD

DNA
Attachme nt\
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Self Assembly as a Foundry Proce

SEH—H‘SSEHTE]IF is the most practical and realizable approach to fabricate arrays of

nanadevices with the sub-100nm size features in short-term  (the canwventional lithaographic methods
of microsystemprocessing offer very limited control over the fabrication on the sub-100 nm scale)

Spontaneous Controllable
self-assembly

self-assembly
This approach relies on structural disorder at the

interface bhetween the two materials with different

phwvsical properties heteroepitasy, fluctuations of
the dopantconcentration, etc.)

Invalves self-fassembly of the toaols far fabrication of

nanoastructuresand nanaodevices such as masks ar
templates.

-

Se!f—assemb!ed&: nanowires grown by
maghnetron sputtering
(E.A. Guliantzand W A, Anderson, " Mowvel Method of Structure

Control inSi Thin Film Technologu? @@ ileabmmg of Ties
E et eenitinay Socseiy Toronto, QM. hday 20007



Some of the potential applications of periodic nanostructures are:

S
MNanowires

Periodic Nanostructures

Substrate

Light
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+  Cluantum effect dots

* Feszonant tunneling diodes

*  Single-domainfhit magnetic storage media
+  Single electron transistors (RETS)

+  Light-emitting diodes (LEDs)

+  Photodetectars

+  Cluantum well optoelectronic devices

+  Cuantum cellular automata

*+  High-density memory
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Schematic of aSi photodetectorarray
fabricated on periodicSi nanowires




Biology as a mechanism for material
production, patterning, and fabricatio

Key Properties:

Photonic Living

Systems as

Electronic }_> Biofoundry

Mechnical l

Chemical
Genetic Magnification

Dynamic Agent Controlled Replication

/ N\

Material Patterning / Materials Harvest /
3/26/2010 Structural Systems “Biocomponents”




Self Assembly Enabled Process Modalit
Key Points of Consideration

L1

Dlverse Methods f@I’ Patternmg‘“fs/latter

Not NeceSs,arlly‘Fo‘p / Bowri vs. Bottom / Up
Conjunctlor; of Hard and. Soft Matter

Implementailon of ‘ B|0@anugates as-an
Assembly-System- <

Whitngy’s Interchang.:able P‘arts Paraﬁl;gm Applied
to Materials CrE@tfbn ' -.. e
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rocesses and materials
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Complimentary Chemistry Enabling Proces
Example — NanoPrintingFM arrays

» Massively parallel molecular deposition
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Integrated BiofoundryProcesses

Bio- assembled materials self

organized on structured x & ﬁ,-
platforms QPN o
Integration of organic and W-Nﬁ ““"’**wf"'

organic material systems \"‘f;;ﬁw




Define Foundry - Current

Monolithic, Centralized

Volume Dependant Amortization
Rigid Fabrication Parameters
Highly confined range of material




Define Foundry: Biologically Enabled
Self Assembly Fabrication

SemZyme - Cambrios

o Extremely diverse range of materials
« Highly adaptive, polymorphic
» Just as Needed Fabrication

Il?




Define Foundry - Future

Peptide Inserts with Surface
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Define Foundn
Living Systems as BioFoundries

Display variants on surface of phage
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Phage Display Methods (A. Bradbury et al, LANL,
N ature Biotech. 18 (2000) 75; J. Immunol. Methods
253 (2001) 233.)




2D

- Prevent propagation of e-m radiation wthin a specified frequency
range in certain directions.

COMPLETE REFLECTION

Fink Y., Winn J.N., Fan S., Chen C., Michel J., Joannopoulos J.D., Thomas E.L.,
*A Dielectric Omnidrectional Reflector, Science, 282, 1679-1682, 1998.




Photonics BandGalglaterials
- the Self Assembly Appc _

» Biologically enabled self-assembly




Define Foundry - Future
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Structural Proteomics - Proteomic Assemb
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Structural Proteomics - Proteomic Assemb




O
-
)]
V)
)
<
O
-
o
(D)
)
@)
| -
al
|
)
O
-
@)
(D)
)
@)
| N—
al
'
| -
)
-
&)
-
| —
-
)




Structural Proteomics - Proteomic Assemb

Modify Proteins
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Activate Proteins

Assemble Fiber Networks

Monitor Protein Function




Nano Electronics &
Photonics Forum

Conference Oct 26, 2004, Palo Alto
www.NanoSIG.org/hanoelectronics.htn

Our mission is to provide our members and

sponsors with a key competitive advantage |
the next industrial revolution spawned by the
convergence of interrelated domains of appli
nanotechnology in electronics and photonics

TOWNSEND and TOWNSEND and CF




