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Nanotechnology 101



Outline

1) Quantum effects 101

2) Historical perspective

3) Mimicking the Nature

4) Manufacturing and characterization of Nano-devices

5) Applications



A matter of scale





A matter of scale

Quantum confinement affects electronic and optical properties



A matter of scale



A matter of scale
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A brief history of nanotechnology

Lycurgus Cup
IV Century

Damascus Blade
XII Century

Renaissance Art
XV Century



A brief history of nanotechnology

Lycurgus Cup
IV Century

Damascus Blade
XII Century

Renaissance Art
XV Century

Reibold, M., et al. "Carbon Nanotubes in an Ancient 
Damascus Sabre." Nature 444 (2006).



Feynman's 1959 lecture

- Scanning electron microscope (1937)
- Transmission electron microscope (1940s)
- Raman Spectroscopy (1930)
- Transistors (1947)
- Resonant Raman Spectroscopy (1950)
- First Integrated Circuits (1959)
- Lasers (1960s)
- CCD (1970s)
- SERS (1974)
- Scanning tunnelling microscope (1981)
- Quantum dots (1993)

There's Plenty of Room at the Bottom !

“What I want to talk about 
is the problem of 
manipulating and 
controlling things on a small 
scale.”

A brief history of nanotechnology



MACRO MESO MICRO NANO

1.000 spatular tips1.000.000 setae
Biomemetic: leveraging small-scale interactions 



MACRO MESO MICRO NANO

Biomimetic: leveraging small-scale interactions 



Biomimetic: modulating refractive index

MACRO MESO MICRO NANO



Biomimetic: Photonic crystals













How do we “see” nanostructures ? Microscopy!

Using electrons – instead of visible photons -
allows to dig deeper into the nanoworld



How do we “see” nanostructures ? Microscopy!

«S» is for scanning
«T» is for transmission



How do we “see” nanostructures ? Spectroscopy!

Every atom is unique…



How do we “see” nanostructures ? XRD!

Scattering of incident photons by an ordered array of atoms



How do we create nanostructures ?



How do we create nanostructures ?



Top Down





1982

675 Mb = $70,000
128Gb = $13,300,000

2020

128Gb = $19

30 years of miniaturization:



Bottom Up

Building complex structures…
…from scratches



Bottom Up





Applications: Displays



Applications: Nanomedicine



Applications: an “average” mobile phone 1) QDOT Display
Trillions of Cd, Zn, In based nanoparticles
Anti-reflecting, anti-scratch, hydrohobic coatings

6) Battery / Capacitors
Nanostructured Li electrodes
Nanostructured metal-oxides electrodes

2) ARM CPU
170 million 7nm transistors per square mm 
10 billion transistors inside

3) 20+ Mpixel Camera
Millions of 14nm FinFET technology

4) Wireless ICs (power amplifiers)
Thousands of GaAs and SiGe transistors

7) Various
Gold, silver, rare earths… lead and mercury!


