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INTRODUCTION
What is nanotechnology?
• Nanotechnology refers to the scientific field, which deals
with very small structures, usually sized below 100 nm
(from size of the atom to about the wavelength of
light) play a critical role. One nanometer (nm) stands for
one billionth of a meter (10-9 m) and it is so small that if
earth was one meter in diameter, then one nanometer
would have been the size of an apple!. Nanosized
materials reveal unique properties when compared to
ordinary, bulk materials or even molecules.
Also ability to control or manipulate on the atomic scale.
•The word itself is a combination of nano, from the Greek “nanos”
(or Latin “nanus”), meaning “Dwarf”, and the word "Science."
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1.5 WHY NANOTECHNOLOGY?
Nanotechnology is associated with at least three distinct
advantages:
1. It offers the possibility of creating materials with novel
combinations of properties.
2. Devices in the nanoscale need less material to make
them, use less energy and other consumables, their
function may be enhanced by reducing the characteristic
dimensions, and they may have an extended range of
accessibility.
3. It offers a universal fabrication technology, the apotheosis
of which is the personal nanofactory.
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PROPERTIES OF NANOSTRUCTURE
• Nanostructures are materials that, in at least one dimension,
measure approximately 1 – 100 nm
• Nanostructures exhibit properties different from their macroscale
counterparts (their “big brothers”) such as:
 Mechanical strength (how hard they are to break)
 Electrical conductivity (how fast electrons flow through them)
 Thermal conductivity (how fast heat flows through them)
 Chemical reactivity (how well/fast they react with other
chemicals)
 Transparency (how well you can see through them)
 Magnetism (whether or not they are magnetic)
 … and many more…
 Microstructures, the cousin to nanostructures, typically
measure between 100 nanometers and 100 micrometers in at least
one dimension, but likely do not exhibit unique properties like
nanostructures do.

The Emeregence of Nano technology?
The Chinese are known to use Gold Au nano particles as
in inorganic dye to introduce red color into their ceramic
porcelains more than thousand years ago.
The emerging fields of nanoscience and nanoengineering are
leading to unprecedented understanding and control over
the fundamental building blocks of all physical matter.
Nanotechnology is new,
but research on nanometer scale is not new at all
• With the evolution of semiconductor industry, there is continuous
decrease in device dimensions, today’s transistors have well fallen in
nanometer range.
• The discovery of synthetic materials, such as carbon fullerenes, carbon
nanotubes and ordered mesomorphous materials has further fuelled the
research in nanotechnology and nanomaterials.
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• History of Nanotechnology
• The term nanotechnology was first used in 1974 by
the late Norio Taniguchi (University of Tokyo) to refer
to the ability to engineer materials precisely at the
scale of nanometers
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• History of Nanotechnology

“There’s plenty of room at the bottom”
Richard P. Feynman (1959)
“The principles of physics, as far as I
can see, do not speak against the
possibility of maneuvering things
atom by atom”.
I am afraid to consider the final
question as to whether, ultimately in
the great future we can arrange the
atoms the way we want; the very
atoms, all the way done! ..
Surely You’re Joking
Mr. Feynman!
Adventures of a
Curious Character
By Richard Feynman
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Why is Small Good?
1.

Faster

2.

Lighter

3.

Can get into small spaces

4.

Cheaper

5.

More energy efficient

6.

Different properties at very small scale
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“One nanometer is a magical point on the dimensional
scale”. Why?
One nanometer is a magical point on the dimensional scale. Because
there is a sudden shift of all properties of material when they just
enters into the nanoscale.

As material size reduces from centimeter (bulk) to nanometer
scale, properties mostly decreases as much as six orders of
magnitude to that at macro level. The reason for this change is due
to the nature of interactions among the atoms that are averaged
out of existence in the bulk material. The same can be explained in
another way i.e., surface energy increases with the overall
surface area which in turn strongly dependent on the
dimension of material. As nanostructures are having reduced
dimensions, it leads to increase in surface energy via increase
in surface area.
The change in properties from macro scale to nano scale can be
observed by taking a simple example as given below:
10
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“One nanometer is a magical point on the dimensional
scale”. Why?
One nanometer is a magical point on the dimensional scale. Because
there is a sudden shift of all properties of material when they just enters
into the nanoscale.
Let us take an imaginary cube of gold 3 feet on each side. It is sliced in half
along its length, width and height to produce eight little cubes, each 15 inches
on a side. If we continue cutting the gold in this way from inches to centimeters,
from centimeters to millimeters, and from millimeters to microns; we still notice
no change in properties of gold between each stage except cash value and
weight. All gold cubes are soft, shiny yellow and having same melting point.
But when these µm size gold particles are further sliced into nano size particles,
every thing will be changed including gold’s color, melting point and chemical
properties.
Melting point of nano gold is less than that of bulk gold melting point. Similarly
instead of yellow color, nano gold particles appear in different color. This color
depends on the size of the particle.
Not only for gold, all the materials will show the peculiar behavior and change in
their properties when they enter into the nano scale. That is why

one nanometer is called as a magical point on the
dimensional scale.
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WHY DOES THIS HAPPEN?
 Nanostructures obey the same fundamental laws of the universe as
everything else in nature
 But… some things that are negligible (can be ignored) at big scales
cannot be ignored at small scales
 For example:
 Imagine you are an electron moving through a “big” copper wire
1cm in diameter – you may never see the boundaries of the wire
because you are so small compared to its diameter
 Imagine you are an electron moving through a “small” copper wire
1 nm in diameter (more comparable to the electron’s size) – now
you bump into the boundaries of the wire often, which affects how
you move through that wire
 Therefore, the 1 nm diameter copper wire exhibits different
electrical properties than its macroscale counterpart!. That is why

One nanometer is called as a Magical Point on the
dimensional scale.
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Difference between Nano Science & Nano Technology

• Nanoscience –

Study of fundamental principles of molecules
and structures with at least one dimension roughly between 1 and
100 nm.
•Nanoscience is the study of phenomena and manipulation of materials at
the atomic, molecular and macromolecular scales where properties differ
significantly from those at a larger scale.

• Nanotechnology

deals with application of these structures
into useful nanoscale devices.
•But Nano technology is the application of these nano structures
and principles behind them to make nano scale devices and to
produce new materials.

•Anything smaller than a nm is a small molecule or a
“loose” atom.
• Nanostructures – Smallest solid things it is possible
to make.
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MOORE’S LAWS
•

In April 1965, Gordon Moore, one of the founders of the Intel
corporation, jotted down his thoughts on how he viewed the silicon
chip’s future. He devised a prolific concept that has held for the
mainstay of the transistor (the transistor makes up the computational
power of an electronic device).
Moore’s first law (usually referred to simply Moore’s law) says that the
amount of space required to install a transistor on a chip shrinks by
roughly half every 18 months. This means that the spot that could hold
one transistor 15 years ago can hold 1000 transistors today. Moore’s first
law is good news.
The bad news is Moore’s second law. It is really a corollary to the first,
which gloomily predicts that the cost of building a chip manufacturing
plant (also called a fabrication line or just fab) doubles with every other
chip generation, or roughly every 36 months. The following figure shows
Moore’s laws in a graphical way.
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