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Outlook

• What is nanotechnology?

• What are the components of nanotechnology?

• What are the main driving forces for development of nanotechnology

• What is the present status of technology?

• Conventional electronics:
• Electron transport (Drude model);
• Bipolar junctions (old-style technology);
• Planar technology and MOS-FETs, DRAMs

• Some limits and problems in miniaturization and the need for new 
approaches
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(Nano)technology

Technology: the ability to produce small (nano) systems useful for some 
application
i.e., the ability to manipulate matter in order to fabricate systems (or structures, or 
devices) with a size in the sub-micrometer range

Technology uses techniques, but it is not just a technical application: basic 
science is involved as well in designing new techniques and new structures with 
improved functionalities

(Nano)technology is strictly connected with basic science, but it is not just 
investigation/interpretation of processes in the nano-wrold

[concepts from M.Wilson et al., Nanotechnology (Chapman&Hall, 2002)]

Nanotechnology is a “complex” (and rather vague) matter
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An example

Fullerene (C60)

Single Wall
Carbon NanoTube

Mesoscopic systems (interesting 
for their physico-chemical 

properties

An artificial system made of CNT 
and gold nanoparticle intended to 

be a prototypal single-electron 
device
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Nanotechnology shares topics with other disciplines, 
but it should not be confused with:

-Chemistry, for the higher control of the involved processes;
-Materials science, for the specific interest in the small world;
-Physics, for the complexity of the systems under investigation;
-Engineering, for the specific interest in new systems
-Biophysics, (self assembly and replication) for the artificial systems

Nanotechnology is an “open” and strongly interdisciplinary field

Components of nanotechnology
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Another example

Organic Light Emitting Diodes (OLEDs)

Engineering

Chemistry +
Materials Science 

(fabrication)

Solid-state physics

Molecular physics
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An hystorical example of nanotechnology

“Nanostructured” glass
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Optical properties of nanoparticles

“New” functions (color effects) due to 
nanoparticles intentionally created
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Our point of view

Selected topics of interest in (applied) 
physics: 

1. Physical methods for fabrication of 
nanostructures (i.e., evaporation, 
lithography, atom manipulation)

2. Physical properties of nanostructures 
(i.e., electron transport)

3. Physical tools for nanostructure 
investigation (i.e., probe microscopy)
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There is plenty of room at the bottom…I

Miniaturization means increase 
of “power”
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There is plenty of room at the bottom…II

Miniaturization means new (quantized) functionalities 
exploitable in novel applications

Nanomachines for, e.g., computation, drug 
dispensing, nanofluidics, …

Eric Drexler (1990)

Manipulation and control of the 
matter at the single atom level
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Driving forces for nanotechnology

Feature size 
(typ., fwhm of the smaller 

device features)

Electronics devices:
they are typically (and traditionally) 
made of “small” structures

1. Thin films are deposited
2. A pattern is tranferred to the 
multilayered structure

Device components (resistors, 
capacitors, transistors, …) are so 
defined in an integrated structure
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Progress in electronics (in the XX century)

Bipolar transistor

Planar (thin film) technology

Optical lithography

Very Large Scale Integration

Quantum confinement

Alternative materials 
and technologies

???
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The present status of miniaturization

http://www.apple.com

Feature size slightly below 100 nm 
(nanotechnology?)
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The “Moore’s law”

See http://public.itrs.net

“Miniaturization” increase by a factor 3-4 in 
a 3-4 year period (still true?)
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Technical and fundamental problems

The rate of increase in miniaturization has 
been growing fast 
In information tchnology

Main motivations:
- Increase of “power” (computing efficiency, 
information storage, time response, …)
- Decrease of power consumption, usually 
associated with miniaturization
- Commercial reasons (a huge market!) 

Technical limitations: lack of control in the manipulation, limits of the materials

Fundamental limitations: in the techniques (e.g., optical diffraction in lithography), in the 
system operation (e.g., quantum behavior)

Need for novel approaches 

Da www.sia-online.org
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Basics of conventional electronics I

Diffusive electron transport (Drude)

“Microscopic” Ohm’s law:  
J = σ E

σ = n e2 τ/ m*
τ : time interval between collisions

m* : effective mass of the charge carriers

Drift (limit) velocity:
vd = τ eE/m*

but J = n e vd 

hence: σ = n e2 τ/ m*

Classical interpretation (Drude): 
Collisions betwen electrons and lattice ions lead to a friction 
force (and electrons do have thermal distribution of speed)
Quantum interpretation: 
Collisions are replaced by loss of translational invariance in 
the electron wavefunctions (and the Fermi velocity must be 
considered)

Diffusive means dissipative (resistance)
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Transport in metallic thin films

Thin film can be considered as a one-dimensional example of nanotechnological system

Da M. Ohring, The materials
science of thin films
(Academic, 1992)

Neglecting any quantum-
confinement effect

Resistivity tends to increase with 
decreasing film thickness due to the 
increased role of the electron collisions 
at the film interface

Interface gets important in ruling 
the system behavior
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Basics of conventional electronics II

Bipolar junction

Da F.Bassani, U.M. Grassano,
Fisica dello Stato Solido
(Bollati Boringhieri, 2000)

Bipolar transistor

A current (e.g., BE) is used to 
control a current flow (e.g., CE)

Power consumption issues!
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Old-style technology

“Linear” technology did not allow for miniaturization
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Basics of conventional electronics III

Planar technology (thin film multilayers of different materials)

Semiconductor heterostructures

Dielectric films

Careful engineering of the material properties 
achieved by (one-dimensional) control at the 

few atomic layer level
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The Field-Effect Transistor

Basic concept of a Field-
Effect Transistor (FET)

The gate voltage is used to 
control the source-drain 

current

Da F.Bassani, U.M. Grassano,
Fisica dello Stato Solido
(Bollati Boringhieri, 2000)

S-D current

S-D voltage

G-D voltage
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The MOS-FET I

Planar (thin film) technology is compatible with MOS-FET architectures

Key points: 
- Metal-Oxide-Semiconductor (MOS) multilayer
- Thin dielectric layer (E=V/d!!) 
- Lateral definition of the structure
- Large scale integration possible
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Sub-micron  (conventional) MOS-FET

Da G. Timp, Nanotechnology
(Springer-Verlag, 1999)
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The MOS-FET II

Modulation doping for the semiconductor on a small scale
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The MOS-FET III

Relatively large field 
gradients in small regions

Need to accurately control the material at the nanometer scale

Limits in miniaturization
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Tiny MOS capacitor

Da R. Waser Ed., Nanoelectronics and 
information technology (Wiley-VCH, 
2003)

MOS capacitor (fabricated by planar 
technology + large integration 
lithography) can be used in memories 
(information is kept in the capacitor)
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Random-Access Memories I

MOS capacitors are basic components 
of RAMs

DRAM

Flash NVRAM
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Random-Access Memories II

Strong technological (and 
economical) expectations for 

RAM miniaturization
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Sophisticated architectures

Classical behavior:
ultra low capacity involved 

(C~S/d!!)
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Limits of the dielectric materials

Dielectric behavior degrades when 
thickness is decreased
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Conclusions

Filling the gap between micro- and nanotechnology has to face:
-Inherent limitations in scaling down the feature size;
-Material limitations due to the small size (ultra thin films);
-(Fundamental problems in the fabrication process)
-(Fundamental issues associated with quantum confinement)

New approaches are required for fabrication

New architectures are required for the device operation

New diagnostics tools are needed

New functions can be achieved


