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Manipulation with SPM
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History

—a

e 19594, Richard Feynman
“There is plenty of room at the bottom”
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e 19864F, Gerd Binnig and Heinrich Rohrer
Invention of STM
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e 19894, Don Eigler at IBM
First Atomic Manipulation




History

e 19934F, Crommie, Lutz, and Eigler

Quantum Corral




History

e 2000%F, Manoharan, Lutz, Eigler
Quantum Mirage




History

e 2000%F, S.-W. Hla at Ohio U.
Single Molecular Reaction
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Molecular Cascades
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History
e 20024



History

e 20027F, Wilson Ho at UCI
Artificial 1D Band Structure

N Nilius et al. Science 2002;297:1853-1856



History

e 20097, Manoharan at Stanford U.
Quantum Holography




Other Examples




Techniques

* Force between tip and adatom
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Techniques

e Modes of Manipulation
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Otero R, et al. 2006.
Annu. Rev. Phys. Chem. 57:497-525
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Techniques

e One atom by one atom

Natural | 344, 524, 1990




Techniques

e One atom by one atom
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Techn

e One atom by one atom
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Techniques

e Sound Technique
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Techniques

 Sound Technique

| ISTERIng to Atoms Move
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Techniques

 Sound Technique

Don Eigler’s talk



Application: Quantum Corral

e Band Structure of a fcc crystal




Application: Quantum Corral

e Surface State of Cu(111)

binding energy (eV)
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Application: Quantum Corral
e Scattering Wave

ALDOS (E', p) :xkop [cos (kop 40 )--cos2 (kp—%)]




Application: Quantum Mirage

e Kondo Effect
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Application: Quantum I\/Ilrage

 Coherent Scattermg :
+ Kondo Effect




Application: 1D band structure

Conductivity (nA/V)

LI L L s

AU20

AU15

AUy

S —

00 05

' L] ' L] 'l Ll
10 15 20 25 3.0
Sample Bias (V)



Application: 1D band structure
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Application: Molecular Cascades

e Unstable trimer structure
CO on Cu(111)




Application: Molecular Cascades

e Linked structure




Application: Molecular Cascades

 Logic AND




Application: Molecular Cascades

e Basic Circuit Unit
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Application: Quantum Holography

e Classical v.s. Quantum
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Application: Quantum Holography

 Page encoding
CO on Cu(111)
How to design?




Application: Quantum Holography
3D quantum holography




Application: Quantum Holography

3D quantum holography
(Movie)




Application: Quantum Holography

e Electronic v.s. Atomic
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Development Trend

- Remote Operation

Web Client
[©bsenvers]
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Development Trend

—> Automation
—> 3D Structure

— Chemical Synthesis



Our Future




Our Future
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WITHOUT REPLICATION LIMITING CODE




The Gray Goo Scenario ©2010 HowStuffWorks

@ The first assembler is
created to convert organic
matter into other materials.

Each new unit follows
the same programming
insuuction 10 consume

The asembler s
programmed to
create new units
identical to itself.

The manufacturing rate @) <
becomes exponential
producing greater and
greater numbers of

assemblers. would strip the Earth of all

organic matter, leaving only
nanomachines behind.



Further Readings

HLA’s lecture of atomic manipulaiton
http://videolectures.net/kolokviji_saw_stm/




