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RATIONALE OF THE COURSE

3

This course is vital for understanding semiconductor devices, the
core of modern electronics and technology. It equips students with
essential knowledge and skills for careers in electronics,
telecommunications, and the semiconductor industry. By covering
topics like energy bands, charge carriers, and device behavior, it
prepares individuals to innovate and address industry challenges. A
strong foundation in these principles is essential for technological
advancement.



OBJECTIVES
OF THE

COURSE

●Provide insights into the impact of
temperature and doping on semiconductor
characteristics.

01

●Explore the intricacies of junction
formation and energy band
diagrams.

02

●Analyze the behavior of minority carriers and
non-ideal effects in semiconductor devices.

03

●Familiarize students with various
semiconductor device types, including
MESFETs and HEMTs.

04
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COURSE
LEARNING

OUTCOMES
(CLO):

Explain how the basic concepts of
solid-state physics relate to the
different properties of
semiconductors

01

Determine the energy band diagrams of
different semiconductor devices under
different operating conditions

02

Calculate charge, current, voltage and
capacitance of different semiconductor

devices under different operating
conditions

03

Investigate how material properties
and structural parameters affect the
device characteristics

04
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Explain how the basic concepts of
solid-state physics relate to the
different properties of
semiconductors

05

Determine the energy band diagrams of
different semiconductor devices under
different operating conditions

06

COURSE
LEARNING
OUTCOMES

(CLO):
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Review of energy bands, metals, and semiconductors,
Charge carriers, effective mass, density of states in

semiconductors, Intrinsic and extrinsic semiconductor,
degenerate and non-degenerate semiconductors,
Electron and hole concentrations at equilibrium,

temperature dependence of carrier concentrations

Compensation and space charge neutrality,
Conductivity and mobility, diffusion and drift of

carriers, Generation and recombination of excess
charge carries, Junction formation, formation of

space charge

Content of Course

08

08

Hours

CLO 1

CLO 2 

CLOS
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Energy band diagram, built-in fields, contact potential,
Equilibrium Fermi levels, current flow in junction, Carrier

injection in forward and reverse-biased junctions,
Reverse-bias breakdown (Zener and Avalanche)

Reverse recovery transient, junction capacitances,
Schottky barrier, rectifying contacts, Ohmic

contacts, heterojunctions, Fundamentals, energy
band diagram of BJT

Content of Course

08

08

Hours

CLO 3

CLO 4
CLO 5

CLOS
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Minority carrier profiles, modes of operation of BJT,
non-ideal effects, Basic operation of MOS, different

biasing modes, Real MOS capacitor, flat band threshold
voltages, I-V characteristics, short channel effects, non-

ideal effects, MESFET and HEMT. Device scaling,
industry trends in semiconductor devices

Content of Course

08

Hours

CLO 6

CLOS
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External Participation
in Curricular/Co-

Curricular Activities
(15)

Bloom’s Affective
Domain: 

(Attitude or will)
Attendance: 15

Copy or attempt to
copy: −10 

Late Assignment: -10

Bloom’s Category
Marks (out of 90)

Remember

Understand

Apply

Analyze

Evaluate

Create

Exam
(45)

10

8

13

7

4

3

Assignments/
Viva/

Presentation
(15)

Quiz
(15)

CIE- Continuous Internal Evaluation (90 Marks)
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7
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Bloom’s
Category 

Remember

Understand

Apply

Analyze

Evaluate

Create

SEE- Semester End
Examination (60 Marks)

Tests

15
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10

5
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Week &
Class No

1

(1 & 2)

Task Details

The Crystal Structure of
Solids

Teaching Learning strategy(s)

-To have a formal interaction
with the students and know

about the
proceedings of the

subjectmatter.
-Course outline will be

discussedin detail
-Interactive discussion

-Lecture with aid of multimedia
(Using Document, Slide, PDF,
Video, Animation, Simulation,

Link)
-Group discussion

Assessment
strategy(s)

 Quiz, Written
exam

-Collect
feedback by
questioning

and answering
-Collect

feedback
from group
discussion

Alignment
to CLOs

CLO1

Course plan specifying content, CLOs, teaching learning and assessment
strategy mapped with CLOs



Week &
Class No

2
(1& 2)

Task Details

Atomic Bonding
Imperfections and
Impurities in Solids

Teaching Learning strategy(s)

Recap main points
-Forward Plan

-Discussion aboutthe subject
content with the students

-Interactive discussion
-Lecture with aid of multimedia

(Using Document, Slide, PDF,
Video, Animation, Simulation, Link)
-To be supplied Lessonmaterials

notes, Hard copy,Audio video
materials/Link

-Group discussion

Assessment
strategy(s)

 Quiz,
Written exam

Collect feedback
by questioning
and answering

-Collect feedback
from group
discussion

-Collect feedback
from Midterm and

Class Test 1
-Assessment of

LOs

Alignment
to CLOs

CLO1
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Week &
Class No

3
(1 & 2)

Task Details

Introduction to Quantum
Mechanics 

 PRINCIPLES OF QUANTUM
MECHANICS ,

SCHRODINGER’S WAVE
EQUATION

Teaching Learning strategy(s)

-Recap main points
-Forward Plan

-Discussion about the subject
content with the students

-Interactive discussion
-Lecture with aid of multimedia

(Using Document, Slide, PDF,
Video, Animation, Simulation, Link)
-To be supplied Lesson materials

notes,
Hard copy, Audiovideo

materials/Link
-Group discussion

Quiz, Written
exam,Collect

feedback
by questioning
and answering

from group
discussion

-Collect
feedback

from Midterm
and ClassTest 1
-Assessment of

LOs

Assessment
strategy(s)

Alignment
to CLOs

CLO1,
CLO2
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Week &
Class No

4

(1 & 2)

Task Details

APPLICATIONS OF
SCHRODINGER’S WAVE

EQUATION 

Teaching Learning strategy(s)

-Recap main points
-Forward Plan

-Discussion about the subject
content with the students

-Interactive discussion
-Lecture with aid of multimedia

(Using Document, Slide, PDF,
Video, Link Animation, Simulation)
-To be supplied Lesson materials

notes, Hard copy,Audio video
materials/Link

-Group discussion

Assessment
strategy(s)

 Quiz,
Written exam

Collect feedback
by questioning
and answering

-Collect feedback
from group
discussion

-Collect feedback
from Midterm and

Class Test 1
-Assessment of

LOs

Alignment
to CLOs

CLO2
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Week &
Class No

5

(1 & 2)

Task Details

Compensation
(Compensation and

space charge neutrality
)

Teaching Learning strategy(s)

-Recap main points
-Forward Plan

-Discussion about the subject
content with the students

-Interactive discussion
-Lecture with aid of multimedia

(Using Document, Slide, PDF,
Video, Link Animation, Simulation)
-To be supplied Lesson materials

notes, Hard copy,Audio video
materials/Link

-Group discussion

Assessment
strategy(s)

 Quiz,
Written exam

Collect feedback
by questioning
and answering

-Collect feedback
from group
discussion

-Collect feedback
from Midterm and

Class Test 1
-Assessment of

LOs

Alignment
to CLOs

CLO2,
CLO4
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Week &
Class No

6

(1 & 2)

Task Details

Conductivity and
mobility

(Conductivity and
mobility, diffusion and

drift of carriers
)

Teaching Learning strategy(s)

-Recap main points
-Forward Plan

-Discussion about the subject
content with the students

-Interactive discussion
-Lecture with aid of multimedia

(Using Document, Slide, PDF,
Video, Link Animation, Simulation)
-To be supplied Lesson materials

notes, Hard copy,Audio video
materials/Link

-Group discussion

Assessment
strategy(s)

 Quiz,
Written exam

Collect feedback
by questioning
and answering

-Collect feedback
from group
discussion

-Collect feedback
from Midterm and

Class Test 1
-Assessment of

LOs

Alignment
to CLOs

CLO2,
CLO4
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Week &
Class No

7

(1 & 2)

Task Details

Excess carriers
(Generation and

recombination of excess
charge carries)

Teaching Learning strategy(s)

-Recap main points
-Forward Plan

-Discussion about the subject
content with the students

-Interactive discussion
-Lecture with aid of multimedia

(Using Document, Slide, PDF,
Video, Link Animation, Simulation)
-To be supplied Lesson materials

notes, Hard copy,Audio video
materials/Link

-Group discussion

Assessment
strategy(s)

 Quiz,
Written exam

Collect feedback
by questioning
and answering

-Collect feedback
from group
discussion

-Collect feedback
from Midterm and

Class Test 1
-Assessment of

LOs

Alignment
to CLOs

CLO2,
CLO4
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Week &
Class No

8

(1 & 2)

Task Details

Junction formation

(Junction formation,
formation of space )

Teaching Learning strategy(s)

-Recap main points
-Forward Plan

-Discussion about the subject
content with the students

-Interactive discussion
-Lecture with aid of multimedia

(Using Document, Slide, PDF,
Video, Link Animation, Simulation)
-To be supplied Lesson materials

notes, Hard copy,Audio video
materials/Link

-Group discussion

Assessment
strategy(s)

 Quiz,
Written exam

Collect feedback
by questioning
and answering

-Collect feedback
from group
discussion

-Collect feedback
from Midterm and

Class Test 1
-Assessment of

LOs

Alignment
to CLOs

CLO1,
CLO2,
CLO4
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Week &
Class No

9

(1 & 2)

Task Details

Energy bands
(Energy band diagram,
built-in fields, contact

potential
)

Teaching Learning strategy(s)

-Recap main points
-Forward Plan

-Discussion about the subject
content with the students

-Interactive discussion
-Lecture with aid of multimedia

(Using Document, Slide, PDF,
Video, Link Animation, Simulation)
-To be supplied Lesson materials

notes, Hard copy,Audio video
materials/Link

-Group discussion

Assessment
strategy(s)

 Quiz,
Written exam

Collect feedback
by questioning
and answering

-Collect feedback
from group
discussion

-Collect feedback
from Midterm and

Class Test 1
-Assessment of

LOs

Alignment
to CLOs

CLO1,
CLO2
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Week &
Class No

10

(1 & 2)

Task Details

Equilibrium level
(Equilibrium Fermi levels,
current flow in junction

)

Teaching Learning strategy(s)

-Recap main points
-Forward Plan

-Discussion about the subject
content with the students

-Interactive discussion
-Lecture with aid of multimedia

(Using Document, Slide, PDF,
Video, Link Animation, Simulation)
-To be supplied Lesson materials

notes, Hard copy,Audio video
materials/Link

-Group discussion

Assessment
strategy(s)

 Quiz,
Written exam

Collect feedback
by questioning
and answering

-Collect feedback
from group
discussion

-Collect feedback
from Midterm and

Class Test 1
-Assessment of

LOs

Alignment
to CLOs

CLO1,
CLO3
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Week &
Class No

11

(1 & 2)

Task Details

Carrier injection
(Carrier injection in

forward and reverse-
biased junctions

)

Teaching Learning strategy(s)

-Recap main points
-Forward Plan

-Discussion about the subject
content with the students

-Interactive discussion
-Lecture with aid of multimedia

(Using Document, Slide, PDF,
Video, Link Animation, Simulation)
-To be supplied Lesson materials

notes, Hard copy,Audio video
materials/Link

-Group discussion

Assessment
strategy(s)

 Quiz,
Written exam

Collect feedback
by questioning
and answering

-Collect feedback
from group
discussion

-Collect feedback
from Midterm and

Class Test 1
-Assessment of

LOs

Alignment
to CLOs

CLO 1,
CLO 3,
CLO 4
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Week &
Class No

12

(1 & 2)

Task Details

Reverse-bias breakdown
(Reverse-bias

breakdown (Zener and
Avalanche)

)

Teaching Learning strategy(s)

-Recap main points
-Forward Plan

-Discussion about the subject
content with the students

-Interactive discussion
-Lecture with aid of multimedia

(Using Document, Slide, PDF,
Video, Link Animation, Simulation)
-To be supplied Lesson materials

notes, Hard copy,Audio video
materials/Link

-Group discussion

Assessment
strategy(s)

 Quiz,
Written exam

Collect feedback
by questioning
and answering

-Collect feedback
from group
discussion

-Collect feedback
from Midterm and

Class Test 1
-Assessment of

LOs

Alignment
to CLOs

CLO 1,
CLO 3,
CLO 4
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Week &
Class No

13

(1 & 2)

Task Details

Reverse recovery
transient

(Reverse recovery
transient, junction

capacitances
)

Teaching Learning strategy(s)

-Recap main points
-Forward Plan

-Discussion about the subject
content with the students

-Interactive discussion
-Lecture with aid of multimedia

(Using Document, Slide, PDF,
Video, Link Animation, Simulation)
-To be supplied Lesson materials

notes, Hard copy,Audio video
materials/Link

-Group discussion

Assessment
strategy(s)

 Quiz,
Written exam

Collect feedback
by questioning
and answering

-Collect feedback
from group
discussion

-Collect feedback
from Midterm and

Class Test 1
-Assessment of

LOs

Alignment
to CLOs

CLO 1,
CLO 3,
CLO 4
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Week &
Class No

14

(1 & 2)

Task Details

Schottky barrier
(Schottky barrier,

rectifying contacts
)

Teaching Learning strategy(s)

-Recap main points
-Forward Plan

-Discussion about the subject
content with the students

-Interactive discussion
-Lecture with aid of multimedia

(Using Document, Slide, PDF,
Video, Link Animation, Simulation)
-To be supplied Lesson materials

notes, Hard copy,Audio video
materials/Link

-Group discussion

Assessment
strategy(s)

 Quiz,
Written exam

Collect feedback
by questioning
and answering

-Collect feedback
from group
discussion

-Collect feedback
from Midterm and

Class Test 1
-Assessment of

LOs

Alignment
to CLOs

CLO 1,
CLO 4
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Week &
Class No

15

(1 & 2)

Task Details

Ohmic contacts
(Ohmic contacts,
heterojunctions

)

Teaching Learning strategy(s)

-Recap main points
-Forward Plan

-Discussion about the subject
content with the students

-Interactive discussion
-Lecture with aid of multimedia

(Using Document, Slide, PDF,
Video, Link Animation, Simulation)
-To be supplied Lesson materials

notes, Hard copy,Audio video
materials/Link

-Group discussion

Assessment
strategy(s)

 Quiz,
Written exam

Collect feedback
by questioning
and answering

-Collect feedback
from group
discussion

-Collect feedback
from Midterm and

Class Test 1
-Assessment of

LOs

Alignment
to CLOs

CLO 3,
CLO 4
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Week &
Class No

16

(1 & 2)

Task Details

BJT fundamentals
(Fundamentals, energy
band diagram of BJT

)

Teaching Learning strategy(s)

-Recap main points
-Forward Plan

-Discussion about the subject
content with the students

-Interactive discussion
-Lecture with aid of multimedia

(Using Document, Slide, PDF,
Video, Link Animation, Simulation)
-To be supplied Lesson materials

notes, Hard copy,Audio video
materials/Link

-Group discussion

Assessment
strategy(s)

 Quiz,
Written exam

Collect feedback
by questioning
and answering

-Collect feedback
from group
discussion

-Collect feedback
from Midterm and

Class Test 1
-Assessment of

LOs

Alignment
to CLOs

CLO 2,
CLO 4
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Week &
Class No

17

(1 & 2)

Task Details

 Minority carrier profiles
(Minority carrier profiles,
modes of operation of
BJT, non-ideal effects

)

Teaching Learning strategy(s)

-Recap main points
-Forward Plan

-Discussion about the subject
content with the students

-Interactive discussion
-Lecture with aid of multimedia

(Using Document, Slide, PDF,
Video, Link Animation, Simulation)
-To be supplied Lesson materials

notes, Hard copy,Audio video
materials/Link

-Group discussion

Assessment
strategy(s)

 Quiz,
Written exam

Collect feedback
by questioning
and answering

-Collect feedback
from group
discussion

-Collect feedback
from Midterm and

Class Test 1
-Assessment of

LOs

Alignment
to CLOs

CLO 3
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Week &
Class No

18

(1 & 2)

Task Details

Basic operation of MOS
(Basic operation of MOS,
different biasing modes

)

Teaching Learning strategy(s)

-Recap main points
-Forward Plan

-Discussion about the subject
content with the students

-Interactive discussion
-Lecture with aid of multimedia

(Using Document, Slide, PDF,
Video, Link Animation, Simulation)
-To be supplied Lesson materials

notes, Hard copy,Audio video
materials/Link

-Group discussion

Assessment
strategy(s)

 Quiz,
Written exam

Collect feedback
by questioning
and answering

-Collect feedback
from group
discussion

-Collect feedback
from Midterm and

Class Test 1
-Assessment of

LOs

Alignment
to CLOs

CLO 2
CLO 4
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Week &
Class No

19
(1 & 2)

Task Details

MOS capacitor
(Real MOS capacitor, flat
band threshold voltages,

I-V characteristics
)

Teaching Learning strategy(s)

-Recap main points
-Forward Plan

-Discussion about the subject
content with the students

-Interactive discussion
-Lecture with aid of multimedia

(Using Document, Slide, PDF,
Video, Link Animation, Simulation)
-To be supplied Lesson materials

notes, Hard copy,Audio video
materials/Link

-Group discussion

Assessment
strategy(s)

 Quiz,
Written exam

Collect feedback
by questioning
and answering

-Collect feedback
from group
discussion

-Collect feedback
from Midterm and

Class Test 1
-Assessment of

LOs

Alignment
to CLOs

CLO 3,
CLO 5
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Week &
Class No

20

(1 & 2)

Task Details

Short channel effects
(Short channel effects,

non-ideal effects.
MESFET and HEMT.

Device scaling, industry
trends in semiconductor

devices
)

Teaching Learning strategy(s)

-Recap main points
-Forward Plan

-Discussion about the subject
content with the students

-Interactive discussion
-Lecture with aid of multimedia

(Using Document, Slide, PDF,
Video, Link Animation, Simulation)
-To be supplied Lesson materials

notes, Hard copy,Audio video
materials/Link

-Group discussion

Assessment
strategy(s)

 Quiz,
Written exam

Collect feedback
by questioning
and answering

-Collect feedback
from group
discussion

-Collect feedback
from Midterm and

Class Test 1
-Assessment of

LOs

Alignment
to CLOs

CLO 6

32
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STUDENT SUPPORT
 DOCUMENTS
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WEEK 1
CLASS 1
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The Crystal Structure of Solids
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Elemental and Compound Semiconductors

• Single element à elemental semiconductor
• More than one element à compound semiconductor
Properties of comp semi can be controlled by changing the concn of the
elements
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A light emitting diode

Gallium nitride (GaN) and zinc oxide
(ZnO) are recently discovered

semiconductor materials which are
promising materials for laser diodes

(blue light). 

These laser diodes are used in blue-ray
DVD recorders. Blue light having smaller

wavelength helps in lowering the
resolution and increasing the packing

density of bits.
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Types of Solids
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Amorphous Si

Advantages

Low temperature deposition (~ 250°C)

Large Area deposition possible at low cost

Disadvantages

• Low conductivity

Cannot be used for High speed circuits

Amorphous silicon (a-Si) is a non-crystalline form
of silicon with a disordered atomic structure
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Uses of amorphous-Si

Solar cells
hin Film Transistors for LCDs

Efficiency: 6-10%
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polycrystalline-Si

Gate for MOSFETs Semiconductor layer
for TFTs (recent development)

Polycrystalline silicon (polysilicon, poly, polysi) is
defined as high-purity silicon metal with a
structure of multiple small crystals.

Polycrystalline silicon has higher conductivity
as compared to amorphous silicon.
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Crystal

In a very broad sense crystal means something
that repeats.

So even a wall paper with a repeating pattern is a
crystal !!
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Lattice and unit cell
Lattice : A regular periodic arrangement of points in space as in the arrangement of
atoms or molecules in a crystal. 
Each point in the lattice is a lattice point. It can be an atom, a group of atoms, an ion or a
molecule.

Unit cell : A small volume of a crystal that can be used to reproduce the  entire crystal

Two dimensional representation of a
single crystal lattice Two dimensional representation of a single crystal

lattice with various possible unit cells
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WEEK 1
CLASS 2
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The relationship between the cell and the lattice is characterized by three
vectors  a, b and c. These vectors need not to be perpendicular to each
other and need not to be of the same length. Every equivalent lattice
point in the crystal can be found using the equation – 

r = pa + qb + sc

A generalized primitive unit cell
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Basic Crystal Structures
The easiest 3-D lattice to work with is the simple cubic lattice (SCC) which has lattice

points on all the corners of a cube. The Cubic (Isometric) crystal system is
characterized by its total symmetry. It has three crystallographic axes that are all
perpendicular to each other and equal in length. The cubic system has one lattice

point on each of the cube's four corners.

Simple Body centered Face centered

Different possible cubic lattices
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Lattice constant
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FCC

FCC lattice structure has high packing density

A
l, 

C
u

, N
i, 

P
d

, A
g,

 C
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 A
u

, P
b

...

A face centered cubic (FCC) lattice is a crystal structure where atoms are
arranged in a cube with one atom at each corner and one at the center of

each face. 
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FCC lattice structure has high packing density

A
l, 

C
u

, N
i, 

P
d

, A
g,
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e,
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t,
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u

, P
b

...

A face centered cubic (FCC) lattice is a crystal structure where atoms are
arranged in a cube with one atom at each corner and one at the center of

each face. 
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SCC is the most spacious crystal structure with least packing
density. So nature does not prefer it !!

Almost no naturally occurring crystal has SCC structure.

BCC A body-centered cubic (BCC) lattice is a type of crystal structure where atoms are
arranged in a cubic pattern with one atom at the center of the cube and one at

each corner
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Crystal plane and Miller Indices
Surface or plane through the crystal can be described by the intercepts of the plane

along the a, b and c axes used for the lattice. Reciprocal of these intercepts are called
the miller indices.

Three lattice planes – (a) (100) plane, (b) (110) plane and (c) (111)
plane
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The plane (a) is parallel to the b and c axes so the intercepts are given
as 1, infinite and infinite. Taking reciprocal, we obtain Miller indices as
(1,0,0), so the plane is referred to as (100) plane. Any plane parallel to

this is equivalent and is referred to as the (100) plane. 

Miller indices
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Atomic Bonding

Covalent bonding

Ionic bonding

Metallic bonding

Van der Waals bonding

Strong

Weak
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Covalent bonding

Representation of (a) hydrogen valence
electrons and (b) covalent bonding in

hydrogen molecule

Representation of (a) silicon valence electrons and (b)
covalent bonding in the silicon crystal
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Miller indices
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Promotion of one electron from s-orbital to p-orbital to
form four orbitals of equal energy is hybridisation. This

happens so that all available energy states in the outermost
shell are occupied. Else it will lead to instability.

With electrons in two different kinds of orbitals, we cannot
get four identical covalent bonds. Hybridisation results in

four similar electronis and hence ideantical bonds.

Atomic Bonding
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WEEK 2
CLASS 1
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Shape of s & p orbitals in n=3 shell before
hybridisation.
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Valence electron cloud

Orbitals in n=3 shell after hybridisation
The silicon atom in its crystalline surroundings has

a similarly shaped electron cloud
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Metallic bonding

Sodium has the electronic structure 1s22s22p63s1. When sodium atoms come together,
the electron in the 3s atomic orbital of one sodium atom shares space with the

corresponding electron on a neighbouring atom to form a molecular orbital - in much the
same sort of way that a covalent bond is formed.
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WEEK 2
CLASS 2
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Van der Waals bond
Effective center of the positive charge is not the same as the
negative one, e.g., HF molecule.  
The electric dipole interacts with the other dipole.

Inert Gas Elements – He, Ne, Ar, Kr, Xe
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Hydrogen bonding

Van der Waal’s bonds in water
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WEEK 3
CLASS 1

Diamond is one of the hardest material in nature because covalent bonding is very strong.  In graphite,
bonding between 2 graphene layers is weak Van der Waals bonding. This makes graphite very soft and

graphene layers can be easily separated.

3D crystal

2D crystal
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Imperfections in solids

Substitutional impurity
or a vacancy
Point defects

Lattice imperfection is any deviation from perfect periodic arrangement of lattice points. Point
defects can be in the form of vacancy (missing atom), substitutional impurity (atom replaced by

another atom) or interstitial impurity (additional impurity not at lattice point)
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Interstitial impurity



• Growth from Melt

• Epitaxial growth

72

Growth of Semiconductor Materials



73

Formation of Energy Bands

When two hydrogen atoms are brought close enough for the wave functions of n=1 electrons
to start interacting, the n=1 state splits into two different energies, in accordance with Pauli

exclusion principle.

(a) Probability density function of n=1 electron in an isolated hydrogen atom.

(b) Overlapping probability density functions in two adjacent hydrogen atoms.

(c)splitting of n=1 state.



74

W
EE

K
 3

C
LA

SS
 2



75

Hypothetically, if we have a periodic arrangement of many hydrogen atoms and they are brought
close enough à initial quantized energy level will split into band of discrete levels.

Quasi-continuous when the number of
atoms in the system is large.

The splitting of an energy state into a band of allowed energies (r0 is the 
equilibrium inter-atomic distance in the crystal)
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What happens in an atom containing many more electrons?

As atoms come closer, the
states in the outermost

shell split first.

Forbidden energy bands Based on r0, other energy
states may or may not split

Splitting of energy states into allowed bands of energies in an atom containing electrons
up to n=3.
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Two dimensional representation of breaking
of a covalent bond.

At T>0K, some covalent bonds break giving rise to
positively charged empty states and electrons

































































































































































Condition for the
Boltzmann approximation

EC-EF > 3KT









Degenerate Semiconductors







Statistics of donors and acceptors



How many electrons still in the donor levels
compared to the total number of electrons?

depends on the temperature and the Fermi level....














































