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Electrons in a field- free crystal
• An electron moving in a given direction at a constant velocity behaves as a 

plane wave. The wave interacts with each ionic core and is thereby scattered. 
Each ion then becomes the source of spherical secondary wavelets in phase 
with the incident wave. Exactly as was assumed in the discussion of Bragg.

• Diffraction it was concluded there that the secondary wavelets reinforced one 
another when the condition. 

�� = 2� ����
• In this equcation, the expression 2� ���� represents the difference in total 

path length for two adjacent wavelets. But if � > 2�, as the case for electrons 
for sufficiently low speed, there is no value of � for which the path difference 
can be as much as � , so that reinforcement can only occur where the path 
difference is zero. This can only occur in the direction of travel of the original 
wave which therefore proceeds undiminished in intensity by its encounter 
with the ions.





• A low energy electons, therefore, is able to move undeflected by a perfectly 
regular lattice, and behaves as though the ions were not there. We can thus 
calculate the wave functions for the conduction electrons and determine the 
expected energy levels by ignoring the presence of the lattice.

• Naturally, in a real metal there are many electrons, all moving in different 
directions and having different wave functions, but we begin by asking what 
are the possible wave functions for a single electron in the metal. Then we can 
add the other electrons, taking care not to violate pouli’s principle.

• If the electrons are spread uniformly throughout the lattice they cannot be 
standing waves since in standing waves there are local maxima and minima in 
the probability distribution. The must therefore be travelling waves since there 
have uniform intensity every where.

• Now each electron must be confined within the solid but it is not localized near 
any atom or group of atoms. It can be regarded as orbiting all the atoms in the 
solid, moving in a curved path of very large radius so that it is (almost) a plane 
wave. The path will link every atom in the solid so that the ovelall path length 
is very great.



Collision Probability and Mean Free Time of Electron 
The probability of an electron under going collision within time ��,  so we may 
let it equal p��. Take a group of �� atoms at time t=o. some of these will collide 
only a short time later, others will be in free flight for longer. To calculate the 
mean free time we must know how many are left after an orbitrary time t, for the 
moment we assume that there are N of these.
Between times t and (t+��) a further small number, ��, will have collided. This 
number �� will be equal to the number N left in the group, multiplied by the 
probability of collision, p��,  for each electron, that is 

�� = ����
The minus sign enters because �� represents a decrease in N. we now find the 
relation ship between N and t by integrating between t=0 (when N=�0) and t 
(when N=N), thus,
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Performing the integration we find that
N=�0exp(-Pt)

Tells us the number of electrons, ��, which collide between t and (t+��), and which 
therefore have a time of free flight equal to t. the average flight time, �, is given by 

� = 1
�0
 0
�=∞ ���,   by using equ (), we get

� =−  0
∞ �
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Then
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Since the first term is zero at both t=o and t=∞ we finally discover that 
� =

1
�

So that the collision probability is just 1/� per unit time



Introduction of Simconducter 
If one examines the electrical resistivites of the elements, particularly of 
the elements in groups IB, IIB, IIIB, and IVB, it will be seen that they 
tend to increase with increasing valency. At first sight, this is surprising 
since increasing valency means an increasing number of loosely bound 
electrons in the outer shells of the atoms, and an increase in the number 
of the electrons available might be expected to lead to an increase in 
electrical conductivity, especially in view of Eq. ( �  = � � �  ). The 
resistivity of Cu (Group IB is about 1.7 × 10−8 � -m ) at room 
temperature while that of germanium (Group IVB in the same period of 
the table) in the range 10−3 to 104 � -m, depending on its purity. This 
phenomenon is directly related to the interatomic bonding in these 
materials.





Bonding and Conductivity

• It will be recalled that the bonding in a metal is visualized in terms of a 
fixed array of positive ions held in position by a 'sea' of negative charge. 
The sea consists of the valence electrons which are distributed throughout 
the solid, i.e., they are shared by all the atoms.

• In the Group IV materials covalent bonds are formed whose distinguishing 
feature is that the electrons are localized in the bonds. This means that the 
wave function of a bonding electron is confined to a region of space 
between adjacent atoms, as depicted in Figs.1.

• In fact, the maximum probability density for the bonding electrons is just 
midway between the atoms. We show this in the diamond lattice, where for 
clarity the three-dimensional structure has been unfolded' and drawn in two 
dimensions. Each bond contains two electrons with opposite spin directions- 
more than this is not possible owing to Pauli's exclusion principle.



One must not think, however, that these electrons are immobile, condemned 
forever to stay in the same bond. The probability distributions are smeared 
out to such an extent that those of neighbouring bonds overlap slightly, and 
this makes it possible for a pair of electrons in adjacent bonds to change 
places with one another. Indeed, all the electrons are continually doing so, 
moving through the network of bonds at great velocity.

Fig-1 A two-dimensional representation of the covalent bonds in a crystal of C, Si, or Ge, the electron clouds
are concentrated between the atoms







Fig.2: Thermal vibration causes an electron to be freed from one of the bonds











Typical semiconductor materials used in 
the fabrication of IC chips are
1. Elemental semiconductors
• Silicon
• Germanium
• Selenium
2. Semiconducting compounds
• Gallium arsenide (GaAs)
• Gallium arsenide–phosphide (FaAsP)
• Indium phosphide (InP)



Excitation of Electrons 

When an electron near the top of the valence band (i.e., in a bond) 
collides with a vibrating atom, it can absorb some of the atom energy 
and jump into the conduction band. This is just another way to describe 
how thermal vibrations can break a bond and create an electron-hole 
pair. The probability of this occurring is just proportional to the 
probability of an atom having thermal energy greater than Eg , the 
amount of energy needed to excite the electron. The probability is very 
nearly proportional to exp(-Eg/KT). The rate of generation of electron-
hole pairs is therefore proportional to the same factor.















Holes and Electrons in Semiconductors

Holes and electrons are the types of charge carriers accountable for the 
flow of current in semiconductors. Holes (valence electrons) are the 
positively charged electric charge carrier, whereas electrons are the 
negatively charged particles. Both electrons and holes are equal in 
magnitude but opposite in polarity.



Mobility of Electrons and Holes

In a semiconductor, the mobility of electrons is higher than that of the 
holes. It is mainly because of their different band structures and 
scattering mechanisms. Electrons travel in the conduction band, 
whereas holes travel in the valence band. When an electric field is 
applied, holes cannot move as freely as electrons due to their restricted 
movement. The elevation of electrons from their inner shells to higher 
shells results in the creation of holes in semiconductors. Since the holes 
experience stronger atomic force by the nucleus than electrons, holes 
have lower mobility.
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Band Theory of Semiconductors

The introduction of band theory happened during the quantum 
revolution in science. Walter Heitler and Fritz London discovered the 
energy bands.
We know that the electrons in an atom are present at different energy 
levels. When we try to assemble a lattice of a solid with N atoms, each 
level of an atom must split into N levels in the solid. This splitting of 
sharp and tightly packed energy levels forms Energy Bands. The gap 
between adjacent bands representing a range of energies that possess no 
electron is called a Band Gap.



What Is the Fermi Level in Semiconductors

The Fermi level (denoted by EF) is present between the valence and 
conduction bands. It is the highest occupied molecular orbital at 
absolute zero. The charge carriers in this state have their own quantum 
states and generally do not interact with each other. When the 
temperature rises above absolute zero, these charge carriers will begin 
to occupy states above the Fermi level.



Properties of Semiconductors

Semiconductors can conduct electricity under preferable conditions or 
circumstances. This unique property makes it an excellent material to 
conduct electricity in a controlled manner as required.
Unlike conductors, the charge carriers in semiconductors arise only 
because of external energy (thermal agitation). It causes a certain 
number of valence electrons to cross the energy gap and jump into the 
conduction band, leaving an equal amount of unoccupied energy states, 
i.e., holes. The conduction due to electrons and holes is equally 
important.



Why Does the Resistivity of Semiconductors Go 
Down with Temperature?
The difference in resistivity between conductors and semiconductors is 
due to their difference in charge carrier density.
The resistivity of semiconductors decreases with temperature because 
the number of charge carriers increases rapidly with an increase in 
temperature, making the fractional change, i.e., the temperature 
coefficient negative.



Some Important Properties of Semiconductors

1. Semiconductors act like insulators at zero Kelvin. On increasing the 
temperature, they work as conductors.

2. Due to their exceptional electrical properties, semiconductors can be 
modified by doping to make semiconductor devices suitable for 
energy conversion, switches and amplifiers.

3. Lesser power losses.
4. Semiconductors are smaller in size and possess less weight.
5. Their resistivity is higher than conductors but lesser than insulators.
6. The resistance of semiconductor materials decreases with an 

increase in temperature and vice-versa.
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