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Different ages of human civilization 
based on materials
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Large companies today are adopting a data-driven approach to materials, utilizing 
informatics, computational techniques, and machine learning (ML), and artificial 
intelligence (AI). This approach enables them to systematically organize and model 
materials data.

The material informatics market, valued at USD 154.78 million in 2024, is expected 
to grow from USD 179.92 million in 2025 to USD 705.21 million by 2034, with a CAGR 
of 16.4% during 2025–2034.
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Emerging additive manufacturing facilities are evolving beyond traditional 
thermoplastics, focusing on materials that offer greater flexibility, customization, 
functionality, and produce less waste. The advancement of 3D printing technologies 
is driving improvements in metals, alloys, ceramics, fibers, and their compounds.

3D printing is also fostering the development of new, durable polymer filaments 
with enhanced conductance, melting, and chemical resistance properties.
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Advanced composites, a significant trend in the materials industry, are engineered materials made 

from two or more constituent materials with significantly different physical or chemical 

properties. These composite solutions are known for their exceptional strength-to-weight ratio, 

corrosion resistance, and durability. Key benefits include enhanced performance, longevity, and 

lightweight properties, leading to energy efficiency and reduced environmental impact. They find 

extensive applications across various industries – aerospace for aircraft components, automotive 

for lightweight and fuel-efficient vehicles, construction for durable structures, and more.
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The Union Cabinet has approved four new semiconductor projects under the India 

Semiconductor Mission, boosting the nation's ecosystem. These projects, with an investment of 

Rs 4,600 crore, include India's first commercial compound fabrication facility and an advanced 

glass-based substrate packaging unit. The newly approved plants will be located in three states, 

namely, Odisha, Punjab, and Andhra Pradesh.
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A presentation of eSyst.org

Electronic Materials

⚫ The goal of electronic materials is to generate 
and control the flow of an electrical current.

⚫ Electronic materials include:
1. Conductors: have low resistance which allows 

electrical current flow

2. Insulators: have high resistance which suppresses 
electrical current flow

3. Semiconductors: can allow or suppress electrical 
current flow
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Electrical Resistivity 

and Conductivity of 

Selected Materials 

at 293 K
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Reviewing the previous table 

reveals that:
⚫ The electrical conductivity at room temperature is 

quite different for each of these three kinds of solids

⚫ Metals and alloys have the highest conductivities 

⚫ followed by semiconductors

⚫ and then by insulators
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Semiconductor Conduction
⚫ The free-electron model from Physics does not apply 

to semiconductors and insulators, since these 

materials simply lack enough free electrons to conduct 

in a free-electron mode.

 There is a different conduction mechanism for 

semiconductors than for normal conductors.
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Resistivity vs. Temperature

Figure 11.1: (a) Resistivity versus temperature for a typical conductor. Notice the linear rise in 

resistivity with increasing temperature at all but very low temperatures. (b) Resistivity versus 

temperature for a typical conductor at very low temperatures. Notice that the curve flattens and 

approaches a nonzero resistance as T → 0. (c) Resistivity versus temperature for a typical 

semiconductor. The resistivity increases dramatically as T → 0.
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A presentation of eSyst.org

Resistance Effects of Doping

⚫ If you use lots of arsenic atoms for doping, 
there will be lots of extra electrons so the 
resistance of the material will be low and 
current will flow freely.

⚫ If you use only a few boron atoms, there will 
be fewer free electrons so the resistance will 
be high and less current will flow.

⚫ By controlling the doping amount, virtually 
any resistance can be achieved.
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A presentation of eSyst.org

Another Way to Dope

⚫ You can also dope a 
semiconductor material with an 
atom such as boron that has only 
3 valence electrons.

⚫ The 3 electrons in the outer orbit 
do form covalent bonds with its 
neighboring semiconductor atoms 
as before.  But one electron is 
missing from the bond.

⚫ This place where a fourth electron 
should be is referred to as a hole.  

⚫ The hole assumes a positive 
charge so it can attract electrons 
from some other source.

⚫ Holes become a type of current 
carrier like the electron to support 
current flow.
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While traditional chemistry focuses on covalent bond, superamolecular 

chemistry examines the weaker and reversible noncovalent interaction like 

hydrogen bonding, hydrophobic forces, van der waals forces, pi-pi interaction 

etc…

Is a new technique, which makes possible the integration of devices fabricated using dissimilar 

materials and processes
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Materials and Packing

⚫ Crystalline materials... 

 • atoms pack in 

periodic, 3D arrays .

 • typical of: -metals ,many 

ceramics ,some polymers

⚫ Non-crystalline materials...

• atoms have no periodic 

packing 

• occurs for: complex 

structures.

“Amorphous ”= Non 

crystalline 
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Crystal

⚫ A crystal or crystalline solid is a solid material whose 
constituents (such as atoms, molecules, or ions) are 
arranged in a highly ordered microscopic structure, 
forming a crystal lattice that extends in all directions.

  “A CRYSTAL is any solid material in which the component 
atoms are arranged in a definite pattern”



ABV- IIITM-Gwalior (MP) IndiaCrystal Physics

Crystal Structure:Translation Vector

⚫  A crystal lattice can always be constructed by the repetition 
of a fundamental set of translational vectors in real space a, b, 
and c, i.e., any point in the lattice can be written as:

 T = n1a + n2b + n3c

⚫ Such a lattice is called a Space/Bravais lattice. The 
translational vectors, a, b, and c are the primitive vectors, 
called as fundamental translational vector/crystal axes or 
basis vector.

R

R’
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Concept of Reciprocal Space:
Real Space

•Description: The physical, tangible world we experience.

•Dimensions: Measured in standard units of length (e.g., meters, angstroms).

•Representation: Describes the physical arrangement of atoms in a crystal lattice.

•Example: The arrangement of atoms in a solid crystal.

Reciprocal Space

•Description: A mathematical or abstract space.

•Dimensions: Measured in inverse units of length, such as 1/length or wavenumber 
(k-space).

•Representation: Represents spatial frequencies and is the dual of real space.

•Purpose: Used to understand wave phenomena like diffraction, where it provides 
information about the momentum difference between waves.
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Concept of Reciprocal Space:
Key Differences & Relationship

•Inverse Relationship: Reciprocal space can be thought of as a Fourier transform 
of real space.

•Geometric Properties:

• A set of planes in real space is represented by a single point in reciprocal 
space.

• The Bragg planes in real space are related to the reciprocal lattice vectors.

• The spacing between planes in real space becomes the magnitude of a 
reciprocal lattice vector, and vice versa.

A Bragg plane is a conceptual crystallographic plane within a crystal structure that acts as a 
mirror, reflecting X-rays when they satisfy Bragg's Law (nλ = 2d sinΘ). When X-rays are 
diffracted by a crystal, the observed diffraction pattern (the Bragg pattern) results from the 
constructive interference of X-rays scattered by these planes, with strong reflections 
occurring at specific angles where the path difference between waves from adjacent planes 
is an integer multiple of the X-ray wavelength.
This concept is crucial for understanding Brillouin zones, as the boundaries of Brillouin zones 
are formed by intersecting Bragg planes.

https://www.google.com/search?sca_esv=0f9b108d57af51d0&cs=1&sxsrf=AE3TifM1nq4EG7osI_SQuR7elRFS9gEhAw%3A1756865525940&q=Bragg+planes&sa=X&ved=2ahUKEwjG8rqMwruPAxUPTmwGHeHNDioQxccNegQIaRAB&mstk=AUtExfB9qi536B4lUQiKDA7hLfJtWM-SpCkdVqpXRRM1qNC94GNTry4LjzYv633EnC94kA7Gqey60p40sXJq8VbVsOR6Dk4bGHSWBiSzyqtk1h57Mbq3uAcP9KL8n1LGx2_PQgGW_Nh2IPemPzrr1uIsAiii_PZsuchyHqlbQWBmzS190xY&csui=3
https://www.google.com/search?sca_esv=0f9b108d57af51d0&cs=1&sxsrf=AE3TifMlW_ygLsKM83C8dLWNjgTD04MWGw%3A1756867454311&q=Brillouin+zones&sa=X&ved=2ahUKEwjEqICkybuPAxWaUGwGHamaA8EQxccNegQIBhAB&mstk=AUtExfAiZva3DoCou5wW08SjTbZMSKffUm7WYaR82pww54AfF1HW08tUTMwrfv2b_l07J2sKPc-ueasNXuBN6AvYDQePMevH0kNnx9xA3KvzMfDNsfWo7VdwFs7DXwgWjKgt3kR18_q5OABkv8_0229M1v-AeoF9hnpeVKmYjoJ4-7yFwiHt2pc5mdB7FThEUPtKhQ2i-WiIr6v_GDYF-njCO1jIjrOGPH3Wr-7PGJu235nm5tok9wyxrWl4R0j7IPc-7JrbMVu19jM09lTgHhc_R4od&csui=3
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Concept of Reciprocal Space:
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Concept of Reciprocal Space:

When the crystal is the image in real space, the diffraction 

pattern is the image of crystal lattice in reciprocal space. 

For diffraction, the reciprocal lattice basis vector is 

perpendicular to a set of crystal planes that are set apart by 

inverse of the length of the real-space lattice basis vector. 
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Concept of Reciprocal Space:
The real-lattice translation to the reciprocal lattice is shown below. (i) Observe 

that rectangular lattice translates to its inverse spacing in the reciprocal space. 

Also, in (ii) the parallelogram lattice translates to the reciprocal lattice, where 

the new vectors are perpendicular to the other real lattice vector (i.e. a* is 

perpendicular to b, and b* is perpendicular to a).
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Because a three-dimensional lattice is a periodic repetition of a group

of atoms, we need consider only a fundamental unit that is being repeated. 
A unit cell is a small volume of the crystal that can be used to reproduce 
the entire crystal. A unit cell is not a unique entity. There exist various 
possible unit cells.

Concepts of Crystal Structure:
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Concepts of Crystal Structure:
A Wigner–Seitz cell is a type of primitive cell in crystallography, 

named after Eugene Wigner and Frederick Seitz, which represents the 
smallest region around a lattice point that is closer to that point than 
any other.
It's constructed by defining the region closer to one lattice point than 
any other, and it serves as a representative volume for understanding 
the periodic properties of a crystal.

The Wigner–Seitz cell in the reciprocal space is known as the first Brillouin 

zone.
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Concepts of Crystal Structure:
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⚫ Mathematical point of view, lattice is actually specific coordinates in 

space. The reason why these atoms are arranged regularly is 

because of they sit on the lattice.

Concepts of Crystal Structure: Basis 

and Lattice
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⚫ lattice constant, or lattice parameter, refers to 

the physical dimension of unit cells in a crystal 

lattice.

⚫ full set of lattice parameters consist of the three 

lattice constants (a,b,c) and the three angles (α,

β,ƴ) between them.

Concepts of Crystal Structure: Lattice 
Parameters
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Crystallography in 1D and 2D
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Crystallography in 3D
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Unit cells

⚫ Primitive unit cell: 

 When atoms in unit cell 

are present only at the 

corners

⚫ Centered Unit Cells:

 When atoms are present 

at other positions in 

addition to  corners in a 

unit cell
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A crystal lattice is a 3-D stack of unit cells

Crystal lattice is an imaginative grid system in three dimensions in 

which every point (or node) has an environment that is identical to 

that of any other point or node.
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Examples of Some Basic Crystal Structures

For these structures, we can choose three vectors a, b, and c that are 

perpendicular to each other and equal in length.

The sc structure has an atom located at each corner. The bcc structure has 

additional atom at the center of the cube. The fcc structure has additional 

atoms on each face plane.

(a) Simple cubic. (b) Body-centered cubic.      (c) Face-centered cubic.
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