
























27.18 KRONIG-PENNEY MODEL 

This model illustrates the behaviour of electrons in 

a periodic potential. It assumes a one-dimensional model 

of periodic potential (Fig. 27.33). 
The wave equation can be solved in terms of 

elementary functions for the square-well array. 

The wave functions associated with this model are 

calculated by solving the Schrodinger equation 

2m d 

and 

dy+U ()V + U(r)r = Ey 

Here, U () is the potential energy and e is the energy eigenvalue. 
In the region 0 <x <a, U= 0. Eq. (1) becomes 

The eigenfunction is 

dv.2m 
d? 

d? 

+ Er = 0 

+ Zm 

It represents plane waves travelling to the right and to the left, with energy 

In the region � b <x<0, the Schrodinger wave equation is 

Aeikr 

The eigenfunction is 

At x=0. 

+ Be-iKr 

[ = K/2m 

[e �Uo] y =0 

r = Ce+ De r 
U-e = h? P2m 

-b<x<0 by the Bloch theorem: 

v () = u, () e 

U(*) 

{a + b) -b 
Fig. 27.33 

y (a<x<a+ b) = y (-b<x<0) e(at 

0 a a +b 

A+B C+ D; 

()’ 

..(l) 

Since the potential is periodic, the wave functions must be of the form of Bloch function, " 

..2) 

..3) 

Thus the solution in the region a <x<a+bmust be related to the solution (6) in the rgie 

The constants A, B, C, D are chosen so that y and hy ld are continuous at .x =0and x 

..49) 

..5) 
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The 
four 

equations 

(10), 

(11), 

(12), 

(13) 

have 
a solution 

only 
if the 

determ
inant 

of the 

cocfficients 

af 
4 B. C, D

 

vanishes. 

This 

leads 
to 

the 

follow
ing 

equation: 

...(14) 
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sinh 
Qb 
sin 
Ka 
+

 

cosh 
pb 
cos 
Ka 
=

 cos 
k (a+

 
b) The 

result 
is 

sim
plified 

if we 

represent 
the 

potential 
by 

the 

periodic 

delta 

function 

obtained 

when 
we 

pass 
to 
the 

lim
it 

b
=

0
 

and 

U
,=

0 
in 

such 
a way 
that 

ba/2 
=

 P, a finite 

quantity. 
In 
this 

...(15) 

(P
/K

a
) 

sin 

K
at 

cos 

K
a 

=
 cos 

ka This 
is the 

condition 
for 
the 

solutions 
of the 

w
ave 

equation 
to 

exist. 

Figure 

27.34 

show
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a plot 
of the 

function 
(P

 
/ Ka) 

sin 

K
at 

cos 
Ka 

versus 
Ka 
for 

P= 

3a/2. Ka 
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Fig. 
27.34 

The 

allow
ed 

values 
of 

the 

energy 
[ are 

given 
by 

those 

ranges 
of 

/2 ...(16) 
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function 
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+
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a K
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Clearly 

there 
are 

regions 
for 

K
a 

where 
the 

value 
of 

and 
+

 
1. For 

these 

values 
of 
K

a 
and 

hence 
of 

T
hus, 

the 

energy 

spectrum
 

electron 

the 
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lim
it 

Q
 

>> 
K

 
and 
Qb 
<< 
1. Then 

(14) 

reduces 
to 

energy 
[, 
no 

solutions 

exist. 

Such 

regions 
of energy 

are 

prohibited 
and 
are 

called 

forbidden 

bands. 

of alternate 

regions 
of 

allow
ed 

energy 

(continuous) 

and 

forbidden 
energy 

(dotted). 
These 

are 
regions 

usually 

referred 
as th

e
 

allow
ed 

and 

forbidden 

bands. 
energy 

wavenum
ber 

th
e 

periodic 

dependence 

dem
onstrates 

on 
e of 

and 

k the 

existence 
gaps 

of forbidden 
energy 
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Principle, Construction and Working of Photovoltaic cell  

Advantages, Disadvantages and Applications 

 

Introduction: 

 

• It is an electronic cell that converts light /photon energy into electrical 

energy in certain semiconducting materials. 

• This directly converts light energy to electricity without any intermediate 

process. 

• The most common uses of photovoltaic cells are solar panels and 

thermostats. 

• The most common element required for the current flow in a photovoltaic 

cell is silicon. 

• A photovoltaic cell is a type of PN junction diode which converts light 

energy into electricity.  

• They generally work in a reverse bias condition.  

• It is similar to a solar cell since they belong to similar working principles 

but have distinct differences. 

 

 



 

Construction and working of Photovoltaic Cell: 

 

The photovoltaic effect occurs in solar cells. These solar cells are composed of 

two different types of semiconductors. One is p-type and another one is n-type. 

Both are joined together to create a p-n junction. By joining these two types of 

semiconductors, an electric field is formed in the region of the junction 

as electrons move to the positive p-side and holes move to the negative n-side. This 

field causes negatively charged particles to move in one direction and positively 

charged particles in the other direction.  

Light is composed of  photons, which are simply small bundles (hυ) 

of electromagnetic radiation or energy. These photons can be absorbed by a 

photovoltaic cell (i.e) the type of cell that composes solar panels.  

When light of a suitable wavelength is incident on these cells, energy from the 

photon is transferred to an atom of the semiconducting material in the  p-n junction. 

Specifically, the energy is transferred to the electrons in the material. 

https://energyeducation.ca/encyclopedia/Semiconductor
https://energyeducation.ca/encyclopedia/Electric_field
https://energyeducation.ca/encyclopedia/Electron
https://energyeducation.ca/encyclopedia/Electron_hole
https://energyeducation.ca/encyclopedia/Light
https://energyeducation.ca/encyclopedia/Photon
https://energyeducation.ca/encyclopedia/Electromagnetic_radiation
https://energyeducation.ca/encyclopedia/Energy
https://energyeducation.ca/encyclopedia/Wavelength
https://energyeducation.ca/encyclopedia/Atom


 This causes the electrons to jump to a higher energy state known as 

the conduction band. This leaves behind a "hole" in the valence band that the electron 

jumped up from. This movement of the electron because of added energy creates 

two charge carriers, an electron-hole pair.  

When unexcited, electrons hold the semiconducting material together by 

forming bonds with surrounding atoms, and thus they cannot move. However, in their 

excited state in the conduction band, these electrons are free to move through the 

material. Because of the electric field that exists because of the p-n junction, electrons 

and holes move in the opposite direction as expected. Instead of being attracted to the 

p-side, the freed electron tends to move to the n-side. This motion of the electron 

creates an electric current in the cell. Once the electron moves, there is a "hole" that 

is left. This hole can also move, but in the opposite direction to the p-side. It is this 

process which creates a current in the cell.  

Advantages, Disadvantages and Applications of Photovoltaic Cell: 

Advantages : 

o They generate clean energy and are sustainable for the environment 

o Low maintenance costs. 

o It is a renewable energy source and easily available. 

o They have a lower risk for the loss of efficiency and can be used for a 

longer time period. 

o Cancels noise pollution. 

o They can generate electricity anywhere if there is enough sunlight in a 

particular area. 

o Can resolve our world’s energy crisis. 

https://energyeducation.ca/encyclopedia/Conduction_band
https://energyeducation.ca/encyclopedia/Charge_carrier
https://testbook.com/ugc-net-paper-1/renewable-energy
https://testbook.com/ias-preparation/noise-pollution


Disadvantages : 

o The infrastructure for photovoltaic cells is not readily available on a larger 

scale. 

o Though maintenance costs are low, the installation is much more 

expensive. 

o Currently photovoltaic cells cannot produce electricity at a commercial 

level, they operate on devices which require less electricity and power. 

o Long-range transmission is difficult when it comes to photovoltaics. 

o They are fragile and can be easily damaged. 

Applications : 

Some main applications of photovoltaic cells are as follows. 

o Can be used in making solar farms, which would generate gigawatts of 

electricity. 

o In difficult topographical conditions photovoltaic cells would efficiently 

deliver electricity than the conventional source. 

o Primary power source for space explorations and experiments, due to its 

lightweight. 

o Navigation aids. 

 

 



Difference between Solar cell and Photovoltaic Cell: 

Property Solar Cell Photovoltaic Cell 

Definition A device that converts sunlight 

directly into electricity 

A device that converts light energy 

into electricity using the photovoltaic 

effect 

Source of 

Energy 

Sunlight Any light source (not necessarily 

sunlight) 

Applications Generate electric power from 

sunlight, solar calculators, solar 

panels 

Generate electric power from 

sunlight as well as artificial light, 

solar photovoltaic modules, building 

integrated photovoltaics 

Examples Silicon solar cell, Cadmium 

telluride solar cell, Perovskite 

solar cell 

Crystalline silicon photovoltaic cell, 

Thin film photovoltaic cell, Dye-

sensitized solar cell 

 

 



Diagram, Construction and Working of a solar cell: 

 

The construction of a solar cell is shown in the figure. The principle layer of this cell 

includes an anti-reflective cover glass. This glass guards the semi-conductor materials 

against the sunlight. In this cell, small grid patterns with slight metallic strips are available 

under the glass. So that the top layer of this cell can be formed by using the glass, metallic 

strips and anti-reflective coat. 

 

The most important part of the cell is the middle layer where solar energy can be 

formed through the effect of photovoltaic. It consists of two semiconductor layers 

which are made up of p-type and n-type materials.   



The base layer of this cell consists of two parts. A rear metallic electrode is situated 

below the p-type semiconductor and it works with the metallic grid to generate an electric 

current in the pinnacle layer.  

A reflective layer is the last layer in this cell used to decrease the loss of light within 

the system. Based on the application, solar cells utilize various materials based on their 

application and cost. 

 

Working: 

 

Once the solar energy falls on a solar panel, then it absorbs. Each panel in the solar 

panel includes semiconductor material to combine the properties of insulators and metal.  

So, it makes to convert the light energy into electrical.  

Once the energy from the sun falls on the panel then a semiconductor absorbs, the 

energy of photons transfers to electrons and allows the flow of electrons through the 

material like an electric current. There are different kinds of semiconductor materials 

used in solar cells like silicon, photovoltaics like Thin-film, organic and concentration 

Photovoltaics. 

 

 

 

 

 

 



Zener diode 

The diode which operates in the reverse breakdown region with a sharp breakdown voltage is 

called a Zener diode. 

 

Zener diode is a heavily doped silicon diode used in reverse biased condition. It is specially 

designed to be operated in the breakdown region. A typical current-voltage (I-V) characteristic for 

a Zener diode is shown in Figure.  

 

Figure: I-V characteristics of Zener-diode 

Applications: 

 Zener diode can be used as voltage regulator 

 It can be used for calibrating voltages 

 It is used to provide fixed reference voltage in a network for biasing 

 It is used to protect of any gadget against damage from accidental application of 

excessive voltage 

********************************************************************* 

Light emitting Diode (LED) 

LED is a p-n junction diode which emits visible or invisible light when it is forward biased. Since 

electrical energy is converted to light energy, this process is also called electroluminescence.  

The circuit symbol of LED is shown in figure. The direction of arrows indicates that light is emitted 

from the diode. 



 

 The colour of the light is determined by the energy band gap of the material.  

 Therefore, LED’s are available in a wide range of colours such as blue (SiC), green (AlGaP) 

and red (GaASP). Nowadays, LED which emits white light (GaInN) is also available. 

Applications 

 LED’s are used in indicator lamps on the front panel of the scientific and laboratory 

equipments. 

 LED can be used as seven-segment displays. 

 They are used in traffic signals, emergency vehicle lighting etc. 

 They are used in remote control of television, air-conditioner etc. 
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