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The word Electronics is
derived from electron
mechanics which means the
study of the behavior of
electrons under different
conditions of externally applied
fields.

































































































Based on the energy band structure, solids are classified as insulators, 
semiconductors and metals.































































































Band Theory of Solids

A useful way to visualize the difference between conductors, insulators and
semiconductors is to plot the available energies for electrons in the
materials. Instead of having discrete energies as in the case of free atoms,
the available energy states form bands.
In insulators the electrons in the valence band are separated by a large gap
from the conduction band, in conductors like metals the valence band
overlaps the conduction band, and in semiconductors there is a small
enough gap between the valence and conduction bands that thermal or
other excitations can bridge the gap. With such a small gap, the presence of
a small percentage of a doping material can increase conductivity
dramatically.
• Examples of insulators are rubber, plastics, glass, mica, and quartz.
• Examples of conductors are copper (Cu), silver (Ag), gold (Au), and aluminum 

(Al).
















































Semiconductors are materials whose electrical properties 
lie between Conductors and Insulators.
Ex : Silicon and Germanium
















































Semiconductors:
• Some materials have a filled valence band 

just like insulators but a small gap to the 
conduction band. 

• At zero Kelvin the material behave just like
an insulator but at room temperature, it is
possible for some electrons to acquire the
energy to jump up to the conduction band.
The electrons move easily through this
conduction band under the application of an
electric field. This is an intrinsic
semiconductor.

Top valence 
band now 
missing some 
electrons

Conduction 
band, with some 
electrons

At room temperature – some conduction

Valence bands, 
filled with 
electrons

Empty 
conduction band

At zero Kelvin – no conduction

Small energy gap

So where are all these materials 

to be found in the periodic table ?
















































Semiconductor 
materials
















































The Silicon Atom

A Covalent Bond Formed by the 
Sharing of Electrons in an Outer 

Energy Level

In the case of Silicon, each of the 4
outer electrons enters into a covalent
bond with a neighbouring atom.

































































































At zero Kelvin
















































A hole is created when an electron breaks 
its covalent bond.































































































Current flow in pure semiconductor material.
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Holes and Intrinsic Semiconductors

• When electrons move into the conduction band, they leave
behind vacancies in the valence band. These vacancies are called
holes. Because holes represent the absence of negative charges, it
is useful to think of them as positive charges.

• A semiconductor in which there is a balance between the number
of electrons in the conduction band and the number of holes in
the valence band is called an intrinsic semiconductor.

Examples of intrinsic semiconductors include pure Silicon and
germanium.
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Doping (N type)
• Semiconductors can be “doped” with other elements to 

change its electrical properties.
• For example, if Si is doped with pentavalent atom 

(atoms with five valence electrons) each atom can 
contribute a conduction electron, so that the Si lattice 
has more electrons than holes, i.e. it becomes “N type”:































































































Current flow in N-type material































































































To increase the number of holes in intrinsic silicon, trivalent impurity atoms are added. These are atoms with 
three valence electrons such as boron (B), indium (In), and gallium (Ga).
















































Doping (P type)

• If Si is doped with trivalent, each atom can contribute a hole, so that 
the Si lattice has more holes than electrons, i.e. it becomes “P type”:































































































p-type doping in silicon

Si

B-

+
















































What are P-type and N-type ?

• Semiconductors are classified into P-type and N-type semiconductor
• P-type: A  P-type material is one in which holes are majority carriers 

and electrons minority carriers.
• N-type: A N-type material is one in which electrons are majority 

charge carriers and holes are minority charge carriers.
















































Extrinsic Semiconductors
































































































PN JUNCTION DIODE












































































































































































































































Diodes

It is represented by the following symbol, 
where the arrow indicates the direction of 
positive current flow.

The typical barrier potential is approximately 0.7 V for silicon 
and 0.3 V for germanium


















































PN Junction Diode in forward Bias

When a PN-junction diode is connected in a forward bias
by giving a positive voltage to the P-type material and a
negative voltage to the N-type terminal. If the external
voltage becomes more than the value of the potential
barrier (estimate 0.7 V for Si and 0.3V for Ge), the
opposition of the potential barriers will be overcome, and
the flow of current will start. Because the negative
voltage repels electrons near to the junction by giving
them the energy to combine and cross over with the holes
being pushed in the opposite direction to the junction by
the positive voltage.














































































































































PN Junction Diode in Reverse Bias

• When the +Ve voltage is applied to
the N-type material, then it attracts
the electrons near the positive
electrode and goes away from the
junction, whereas the holes in the P-
type end are also attracted away from
the junction near the negative
electrode.































































































PN Junction Diode in Reverse Bias































































































Forward Bias and Reverse Bias
• Forward Bias : Connect p region of the 

Diode to positive of supply…n region of 
Diode to negative of supply

• Reverse Bias: Connect p region of the Diode 
to negative of supply…n region of diode to 
positive of supply.

































































































































































































































































































I-V Characteristics of  Practical 
Diode 































































































Characteristics of 
Diode
• Diode always conducts in one 

direction.
• Diodes always conduct current when 

“Forward Biased” ( Zero resistance)
• Diodes do not conduct when 

Reverse Biased
(Infinite resistance)































































































Review Questions
















































1. Valence electrons are
(a) in the closest orbit to the nucleus                       (b) in the most distant orbit from the nucleus
(c) in various orbits around the nucleus                  (d) not associated with a particular atom

2.   A positive ion is formed when
(a) a valence electron breaks away from the atom
(b) there are more holes than electrons in the outer orbit
(c) two atoms bond together
(d) an atom gains an extra valence electron

3.   The energy band in which free electrons exist is the
(a) first band          (b) second band            (c) conduction band               (d) valence band

4.   Electron-hole pairs are produced by
(a) recombination            (b) thermal energy                  (c) ionization                      (d) doping

5.   Recombination is when
(a) an electron falls into a hole
(b) a positive and a negative ion bond together
(c) a valence electron becomes a conduction electron
(d) a crystal is formed



6. The current in a semiconductor is produced by
(a) electrons only         (b) holes only            (c) negative ions             (d) both electrons and holes

7. In an intrinsic semiconductor,
(a) there are no free electrons
(b) the free electrons are thermally produced
(c) there are only holes
(d) there are as many electrons as there are holes
(e) answers (b) and (d)

8.   The process of adding an impurity to an intrinsic semiconductor is called
(a) doping                   (b) recombination                     (c) atomic modification                    (d) ionization

9.   A trivalent impurity is added to silicon to create
(a) germanium                              (b) a p-type semiconductor
(c) an n-type semiconductor         (d) a depletion region

10. The purpose of a pentavalent impurity is to
(a) reduce the conductivity of silicon                            (b) increase the number of holes
(c) increase the number of free electrons                       (d) create minority carriers

11. The majority carriers in an n-type semiconductor are
(a) holes (b) valence électrons                       (c) conduction electrons (d) protons



12.  Holes in an n-type semiconductor are
(a) minority carriers that are thermally produced
(b) minority carriers that are produced by doping
(c) majority carriers that are thermally produced
(d) majority carriers that are produced by doping

13. What are the pentavalent impurities?

14. What are the trivalent impurities?



1. The term bias means
(a) the ratio of majority carriers to minority carriers
(b) the amount of current across a diode
(c) a dc voltage is applied to control the operation of a device
(d) neither (a), (b), nor (c)

2. To forward-bias a diode,
(a) an external voltage is applied that is positive at the anode and negative at the cathode
(b) an external voltage is applied that is negative at the anode and positive at the cathode
(c) an external voltage is applied that is positive at the p region and negative at the n region
(d) answers (a) and (c)



1. The V-I curve for a diode shows
(a) the voltage across the diode for a given current
(b) the amount of current for a given bias voltage
(c) the power dissipation
(d) none of these



1. For each of the energy diagrams in Figure 1–21, determine the class of material based on relative 
comparisons.


