








miniaturization through extension of existing
microfabrication schemes

“Bottom-up” - capability to construct functional
components, devices, and systems from
building blocks of atoms and molecules




Nanotechnology

Cluster Science

and Technology Supra-molecular
Chemistry

Molecular Dynamics
Simulations




“If | were asked for an area of science and engineering that will most likely
produce the breakthroughs of tomorrow, | would point to nanoscale science
and engineering.” Neal Lane, Director OSTP, 1998

“Nanotechnology has given us the tools to make contact with the world of
the molecule and the atom. ... The possibilities to create new things appear
limitless.” Horst Stoermer, Nobel Laureate

“... with nanodevices, ... you could put all the information needed for some
major fraction of your life (the equivalent of 1000 CDs) on your wristwatch.
It's one of those ideas that shifts the notion of how a life should be led.”
George Whitesides, Prof. Of Chemistry at Harvard, 1998




products, and manufacturing processes

Global competitive pressures and the ever-
Increasing demand for faster, smaller, less
expensive products




nowledge of materials
materials and device characterization methods
fabrication technologies and processes
measurement and test methods

modeling & simulation tools




Meso-Machines - aka “ The Right Size”-Machines
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RF Tags
Surface mount electronics

CD read heads

Computer disk read/write heads
Fiber optic connectors and switches
Smart toys




hachine in a capillary
Saentlflc American - 1988




A micro-submarine in a vein
* Made by Rapid Micro
Product Development - 1999
e microTEC - Germany




dots on a
gold

substrate

Jonathan Mamin,
IBM Almaden
Research Center




Molecular transport




measured; composition, dimensions, forces, energies
* Diverse nature of materials

— Inorganic, Organic, Biologic, Composites
— Highly interdisciplinary
e Science, measurements, and technology rushing in
parallel; all needed concurrently;
— strong participation by industry
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- 100 nm Colloidal Au Particle Scattering of 488 nm Light.

* Simultaneously Recorded Images (3500 nm x 3500 nm) of 100 nm
Colloidal Au Particles on a Silanized Glass Substrate.

Topography Transmission mode Reflection mode

Z Range = 180nm

+ Standing Waves have a period of N2 and extend beyond topography.

+ Light scattered from the spheres modulates the total field
emanating from the tip.
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Particle Morphology
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cluster #13

cluster #26

tart particle list
((PARTICLE 1) (INDEX 112) (AREA 63) (BDR (326 120 337 129)) (X_V 1059)
(L _X_V (332 124)) (L_N_V (334 122)) (N_V 515) (AV_V 741.19) (SIGMA 143.9)
(R_SIGMA 0.2) (ABS_DEV 117.3) (C_MASS (332.3364 124.7579)) (A_L_I -30.8)
(A_W_L I -32.2) (FERET_MAX 12.04675 160 (326 126) (337 121))
(FERET_MIN 7.428223 60 (333 129) (332 121)) (DMAP_MAX_ RADIUS 3)
(DMAP_] _CENTER (334 124)) (PERIMETER 48)
(POINTS (334 124 )0}




Incident Electrons From Spin-Polarization Analyzer

Seanning Electron Microscope
P = N,-N,

N 4+ N ¥
Spin-Polarized
Sscondary Electrons
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Magnetization

Fe Whisker




The NIST Cr Deposition Experiment

Chromium beam

o ﬂ Substrate

Optical collimation beam Optical focusing beam

CHROMIUM ATOMS
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Bookham Technology Transceiver, example of integrated optics.
Photonics Spectra Feb. 1997



















