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Some History
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The Great Pyramid at Giza

Pharaoh Khufu (2585-2560 B.C.)

Base:  >13 acres
Height: 450 feet/137.2 meters

The Great Wall of China

Over 50,000 km

Building Period: 
9th Century B.C. (Zhou)
to 17th Century (Ming)
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Apollo 11 Journey to the Moon (1969)

The distance from Earth to Moon: 384,400 km (240,250 miles)

R. P. Feynman
“There is plenty of room at the bottom” (1959)

「一尺之棰，日取其半，萬世不竭。」

公孫龍（約西元前320－350）─《莊子》雜篇「天下」
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Science 289, 1757 (2000)

Scanometric DNA Array Detection with Nanoparticle Probes
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1990

Worldwide Budget for Nanotechnology

• US National Nanotechnology Initiative
Annual budget: $423 million in 2001

• Japan 
Annual budget: $396 million in 2001

• Europe…

Why? Fiction or Reality?
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奈米材料(奈米微粒、奈米管、奈米棒、奈米電纜等)

奈米製程(微影、蝕刻、成長、自我組裝等)

奈米結構(人造原子、量子點、量子線、量子井等)

奈米物性測量(光性、電性、磁性、力學性質、熱學性質、
觸媒作用等)

奈米操控技術

奈米科技中的核心技術

Chemistry Material Science Biology Physics

Nanoscale Science and Technology

Top-DownBottom-Up

Linker

The most needed ingredient in nanotechnology:
A missing link between nm, µm, mm, to cm worlds
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Biological Scaling Laws

Weight in proportion to L3

Strength in proportions to L2
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Examples of Micromachined Actuators
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Nanobiotechnology Center, Cornell University

Biomolecular Motor

A Example of Sensor: Torsion Balance
Detection mode: deflection (static) or vibration (dynamic)

1785
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Nanoelectromechanical Systems (NEMS)

•Fast response (ω0/Q)
•Wide detection range (ω0)
•High sensitivity (small mass and high Q)
•Localized spatial response
•Low dissipation (Q)
•Ultra-low operation power 
•Compatible to microelectronics 

ω0=(keff/meff)1/2

meff in proportion to l3

keff in proportion to l
ω0 in proportion to 1/l
meff ~ a few attograms (10-18 g)
cross section ~ 10 nm
ω0 ~ >10 GHz (1010 Hz)
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J. Gimzewski, IBM Zurich
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Scanning Probe Concept:
Eye and Hand 

in the Nanometer-Scale World

Inventors:
G. Binning and H. Rohrer

Examples:
STM
AFM
MFM
EFM
SCM
SGM
etc.

Etched Tungsten Tip 

G. Binnig and and H. Rohrer in Rev. of Mod. Phys., vol. 71, ppS324-S330 (March, 1999).

An earlier version of STM by Binnig and Rohrer (1982)
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Scanning Tunneling Microscope

Tunneling Energy Diagram
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Don Eigler
IBM Almaden

Quantum Corral

Nature, H. C. Manoharan et al., Vol. 403, p. 512 (2000)

Quantum Mirage
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Vacancy Motion on Ge(111)-c(2x8)
(France’s Commission for Atomic Energy)

S. Gwo, Physics Dept., National Tsing Hua Univ., Hsinchu, Taiwan
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corner adatom

center adatom

Si(111)-(7 ×7), V S= 1.6 V,  I = 1 nA ,  Scanning Size = 12.5 nm × 20.5 nm

S. Gwo, Physics Dept., National Tsing Hua Univ., Hsinchu, Taiwan

Dual-bias STM Images of Si(111)-(7 ×7) 

(a) VS = 1.5 V,   I = 1.5 nA, (b) VS = -3.5 V,  I = 1.5 nA, Scanning Size = 23 nm×25 nm

(a) (b)

Scanning direction Scanning direction

S. Gwo, Physics Dept., National Tsing Hua Univ., Hsinchu, Taiwan
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(a) -0.5V

(h) –4.0V(g) -3.5V(f) –3.0V(e) -2.5V

(d) –2.0V(c) -1.5V(b) –1.0V

(a)~(h) I=1.5 nA, Scanning Size = 18nm  ×18nm

S. Gwo, Physics Dept., National Tsing Hua Univ., Hsinchu, Taiwan

Schematic diagram of  the lock-in technique
S. Gwo, Physics Dept., National Tsing Hua Univ., Hsinchu, Taiwan
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The surface states of the Si(111)-7X7 surface, probed in 
photoelectron spectra (PES) at various emission angles.

Phys. Rev. B  Vol. 61, 10845 (2000)

The PES and IPES data of Si(111)-7x7 and the spectra of scanning 
tunneling spectroscopy (STS) of adatoms and rest adatoms.

Surf. Sci. Rep. Vol. 12,1 (1990)

STM filled-state image of the Si(111)-(7x7) surface with VS=-0.8V 
and It=1.6 nA

Differential conductivity mapping of the Si(111)-(7x7) surface with 
VS=-0.8V and It=1.6 nA

S. Gwo, Physics Dept., National Tsing Hua Univ., Hsinchu, Taiwan
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Atomic force microscopy

G. Binnig, C. F. Quate, and Ch. Gerber
Phys. Rev. Lett. 56, 930 (1986).
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Post-Processed Silicon Tip

•Static Mode: 
Contact
•Dynamic Mode: 
Noncontact, Tapping, 
Intermittent Contact, etc.
•Lift Mode:
Decoupling of Long-
And Short-range Forces
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Some Demonstrated Functionalities of AFM

奈米世界的全方位性工具

H. P. Lang, M. Hegner, E. Meyer, and Ch. Gerber, Nanotechnology Vol. 13, R29-R36 (2002).



23

S. Gwo, Physics Dept., National Tsing Hua Univ., Hsinchu, Taiwan

S. Gwo, Physics Dept., National Tsing Hua Univ., Hsinchu, Taiwan
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AFM Force Measurement 
(“Force-Distance Curve”)

Force measurements between a n AFM tip and a mica surface
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Chemical Force Measurements

Magnetic Force Microscopy
MFM
1. Magnetic hard Disk 
L: topography by tapping mode
R: MFM by lift mode
2. MFM image of patterned 

50-nm permalloy film
3. MFM image of flower 

Domains in a 60-µm 
garnet film

1.

2. 3.
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Scanning Thermal Microscopy
Scanning Hall Probe Microscopy

SNOM

Atomic Force Microscopy

Current difficulties of AFM:
1. Size and shape control of tip
2. Limited detection functionalities
3. Lack of chemical specific information

Major drawback of micromachined functional sensors:
Limited spatial resolution determined by the top-down microfabrication

Advantages of carbon nanotube probes for SFM
• Electrically conductive
• Perfectly cylindrical geometry, high aspect ratio
• Mechanically robust with unprecedented elastic properties
• Chemically stable
• Possibility of encapsulate magnetic material inside tube

C. Bower et al., Appl. Phys. Lett. 77, 2767 (2000)
S. Gwo (NTHU-Physics)
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Field Detection using a Single Carbon Nanotube

500 nm

A B

C D

Carbon nanotube:The ultimate probe for imaging long-range forces?

S. Gwo (NTHU-Physics)

PtIr-Coated Si tip
Topography

PtIr-Coated Si tip
EFM

Carbon Nanotube
Topography

Carbon Nanotube
EFM

Charging conditions: ±10 V voltage pulses (1-ms pulse-width for PtIr-coated Si 
tip, 1-s pulse-width for CNT tip)

EFM Resolution (CNT): better than 5 nm

800x800 nm2

Areal Density > 64 Gbit/in2300x300 nm2

S. Gwo (NTHU-Physics)
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S. Gwo (NTHU-Physics)

Tokumoto and Nakayama Group
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CMOS Compatible Arrays

Quate Group, Stanford University
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MILLIPEDE
Highly parallel, dense AFM 

 data storage system 

AFM-based Storage System:

High Data Density But Low Data Rate 

         Highly Parallel Operation⇒

Storage media
on scannerxyz 

x

z2

z3

z1y

Multiplex-Driver

Integrated micromagnetic
/ /  scannerx y z


