
3/26/2010

Self Assembly and Biologically Inspired 
Processes in Applied Nanotechnology:

Current and Emergent Developments

Charles Ostman
VP, Electronics & Photonics Forum chair – NanoSig

Senior Consultant – Silicon Valley Nano Ventures

Senior Fellow - Institute for Global Futures
510 549 0129  charles000@aol.com

http://www.nanosig.org/nanoelectronics.htm

http://www.technofutures.com/charles1.htm



3/26/2010

Primary Areas of Interest –
Nano Electronics and Photonics Forum

l Molecular Switches, Gates, Sensors
l Nanowires and Interconnect Systems

l Self Assembly Enabled Fabrication
l Nanobiological Materials and Processes
l Memory and Reconfigurable Architectures
l Electro-Optical Materials and Nanostructures
l Bandgap, Nonlinear, & Other Photonic Systems
l Quantum Devices &Spintronics
l Nanostructured materials with Novel Photonic and / or 

Electronic Properties
l Nanoprinting, Imprinting, "Soft" Lithography, & Molecular 

Deposition
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Self Assembly 
Process Development Trajectories

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

l Integrated Biological and Non-Biological NanoStructures

l Supra-molecular Synthesis
l Integrated / Inter-related Techniques for Patterning Matter
l Chemical Handles for Attachment to Surfaces  

l Fabrication processes approaching ZIP – Zero Inventory 
Production – capacity

l Utilizing Biology as a Foundry
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Self Assembly and
Biologically Inspired  Processes

l Why Self Assembly?
l Why Biology?
l Market Models, Economic Considerations
l Example Technology Developments
l Future Trends – Near & Far Term
l Conclusions
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Why Self Assembly? –
Functional Attributes, Target Goals 

l Just as needed fabrication processes

l Functional Diversity
l Low cost, disposable device technology

l Highly adaptable
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Examples of Nanofabrication Enabled by Self Assembly and 
Biologically Inspired  Processes

l Self organizing / assembling nanocrystals 

and quantum dots 
l SAM (Self Assembled Monolayers) 

l Integrated 2D and 3D photonic and electronic 
structures

l Genetic “magnification” of biological materials 
with electronic and photonic properties

l Living organisms as biofoundries and 
nanomechanical systems
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Self Assembly Reaching into Applications

l Integrated Electronics / Electro-optics

l Sensors / Distributed Detection
l Self Assembling Mirrors / Photonics

l RFID / nano-barcode
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The Emergent NanoEconomy
- Self Assembly 

l Moore’s 1st Law is Not Relevant, Moore’s 2nd Law is
l Systems Approach to an Emergent Industrial Infrastructure
l Enabling Access to New Markets that Could Not Otherwise Exist 
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Integrating Current Technology 
and Fabrication Infrastructure Commitments

with Emergent Nanofoundry Capacity

l Microscale top down silicon / CMOS becomes the “circuit board” for 
bottom up self organizing nanostructure systems 

l Integrated “operational ecologies” of fluidics, optics, mechanical, 
electrical, chemical modalities 

l Transition from 2D platforms to 3D manifolds
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The Emergent NanoEconomy
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The goal is process integration

l Self Assembly / Self Organization

l Biolithography / “Soft” lithography
l Supra molecular manipulation



3/26/2010

Synergistically Enabling Foundry Processes in 
Photonics, Electronics, Fluidics – NanoImprinting
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Biolithography – Directed Biochemical Assembly



3/26/2010

Combinatorial / Synergistically 
Inter-relatable Process Modalities

l Self-assembled DNA /

carbon nanotube
“nanobiotronic”

devices
U of South Carolina -

Seminario, Agapito,

Figueroa
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Define “Tools”
Goal of the tool is to manipulate molecules and pattern matter

Biolithography

Heterogeneous
Assembly

AFM devices / arraysElectro-Molecular
Manipulation
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Molecules as Tools –
Not Just Endproducts

l Nanotubes - carbon, polymer, 

protein, etc.
l Structural proteomics 

l Dendrimers
l Organometallics

l Zeolites
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Complimentary Chemistries in 
Molecular Components

l Integration of organic and in-organic dopants with carbon 
nanotubes, dendrimers, various molecular structures



Objective: Improved Processes for Manufacturing High Objective: Improved Processes for Manufacturing High 
Precision Functionalized NanostructuresPrecision Functionalized Nanostructures

Present strategies for nanofabricationPresent strategies for nanofabrication

Target future Target future nanofabrication nanofabrication goalsgoals

20 nanometers20 nanometers



DNA
Attachment

Microscale Devices

DNA
Attachment

     Electronic
“Pick and Place”

NanoscaleComponents

MotherboardArray

Heterogeneous Integration Process
for Micro/Nanofabrication – Synergy of Top-Down 

with Bottom-Up Processes

Heterogeneous Integration ProcessHeterogeneous Integration Process
for Micro/Nanofabrication for Micro/Nanofabrication –– Synergy of TopSynergy of Top--Down Down 

with Bottomwith Bottom--Up ProcessesUp Processes

Motherboard Array

Molecular 
Components

Michael Heller - Nanogen
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Self Assembly as a Foundry Process

l Diverse Foundry processes
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Periodic Nanostructures 
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Biology as a mechanism for material 
production, patterning, and fabrication

Genetic Magnification

Key Properties:
Photonic
Electronic
Mechnical
Chemical 

Controlled Replication

Living 
Systems as
Biofoundry

Dynamic Agent

Materials Harvest /
“Biocomponents”

Material Patterning /
Structural Systems 

}
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Self Assembly Enabled Process Modalities 
Key Points of Consideration

l Diverse Methods for Patterning Matter
l Not Necessarily Top / Down vs. Bottom / Up
l Conjunction of Hard and Soft Matter
l Implementation of “Bioconjugates” as an 

Assembly System
l Whitney’s Interchangable Parts Paradigm Applied 

to Materials Creation
l Heterogeneous Assembly - Merging of Materials, 

Devices, Circuits
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Diversity of Tools –
Integration of “traditional” and biologically enabled or 

inspired processes and materials
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Complimentary Chemistry Enabling Process 
Example – NanoPrintingAFM arrays

l Massively parallel molecular deposition
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Integrated BiofoundryProcesses

l Bio-assembled materials self 
organized on structured 
platforms

l Integration of organic and non-
organic material systems



3/26/2010

Define Foundry - Current
l Monolithic, Centralized

l Volume Dependant Amortization
l Rigid Fabrication Parameters

l Highly confined range of materials
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Define Foundry: Biologically Enabled 
Self Assembly Fabrication

SemZyme - Cambrios

l Extremely diverse range of materials

l Highly adaptive, polymorphic 
l Just as Needed Fabrication 
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Define Foundry - Future
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Define Foundry 
Living Systems as BioFoundries
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Value Proposition is in Synergistic Opportunity 
IntegratedNanophotonics

l Nature’s Nanofoundryvs. mechano-chemistry, 
nanolithograpy, directed self-assembly 
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Photonics BandGapMaterials
- the Self Assembly Approach?

l Biologically enabled self-assembly 
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Define Foundry - Future
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Structural Proteomics - Proteomic Assembly
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Structural Proteomics - Proteomic Assembly
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Structural Proteomics - Proteomic Assembly
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Structural Proteomics - Proteomic Assembly
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Nano Electronics &
Photonics Forum

Conference Oct 26, 2004, Palo Alto
www.NanoSIG.org/nanoelectronics.htm

Our mission is to provide our members and 
sponsors with a key competitive advantage in 
the next industrial revolution spawned by the 
convergence of interrelated domains of applied
nanotechnology in electronics and photonics.  


