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Energy levels of electron in hydrogen atom
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Formation of molecule

" Molecule
o
When two atoms are brought together
Atom //— % Atom
. . ¥ / \
- Atomic energy levels split 5 LI S
o
= - * _<\ />_ + N
- Molecular orbitals are formed N T )
\\_ $+ _//'
H, H

chegg.com

i} lashore University of Science and Technology . brRachid, 2020




Formation of molecule

When two atoms are brought together
- Atomic energy levels split

- Molecular orbitals are formed
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Formation of solid - Lithium
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Formation of solid — Silicon crystal
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Covalent bonding of the silicon atom
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Electron and Hole In intrinsic silicon
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Electron and Hole In intrinsic silicon
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Fluid motion in a glass tube

e Half filled band =
U

-l

=

(a) (b)

e Good electric conductors

e Completely full or completely empty band

* Poor electric conductors () ) %
(b)

(a)

Device Electronics for Integrated Circuits —Muller, Kamins, Chan

) lashore University of Science and Technology b Rachid, 2020




Fluid motion in a glass tube

Fluid can move in both O | > Q
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Definition of semiconductor

The solids that are insulator at the temperature of 0 K but
whose energy band gap is of such a size that thermal
excitation leads to observable conductivity at temperature
below its melting point are called semiconductor.
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Extrinsic semiconductor
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Extrinsic semiconductor
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Electron versus Hole Flow

Hole flow

-
Electron flow

(b)

Electronic Devices and Circuit Theory — Boylestad, Nashelsky




Majority and Minority Carriers
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Energy band diagram

A
Conduction band
A E,
Band gap
Eg
Y E,
Valence band
Y

Modern Semiconductor Devices for Integrated Circuits — C. Hu

Chelikowsky et al., Phys. Rev. B 10, 5095 (1974)




Energy band diagram
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Two-dimensional view of the Si crystal

A two-dimensional pictorial view
of the Si crystal showing covalent
bonds as two lines where each
line Is a valence electron.




Arsenic-doped Si crystal

T T _F—J ]
| LI

?"’i |

S
>

S
¢
1 Electron energy
®
=

e

I _?"_'? ~0.03 eV | ,Z. .L)!.L/n ,L/_?.

> x Distance into

ey
| | | |
(== S R I B
I I I I I I crystal
I As atom sites every 10° Si atoms
Electronic Materials & Devices — Kasap

<} Jashore University of Science and Technology e Rachid, 2020




Boron-doped Si crystal
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Strong and weak donors and acceptors

conduction band
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The effective mass

The effective mass IS
a guantum mechanical
quantity that behaves
In the same way as
the 1nertial mass In
classical mechanics.
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The effective mass

Si Ge GaAs InAs AlAs Electron and hole
effective masses, m,

and m,, normalized to
the free electron mass

m,,Imy 0.26 0.12 0.068 0.023 2.0
my,lmg 0.39 0.30 0.50 0.30 0.3

-
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f Electron kinetic energy

Both electrons and holes tend to seek
their lowest energy positions. Electrons
tend to fall in the energy band diagram.
Ey Holes float up like bubbles in water.
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