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Abstract: Electrical current may readily flow through a conductor. The vast majority of metals 

function well as conductors. Silver, gold, and aluminum are all good conductors because they have 

only one valence electron and are thus extremely loosely connected to their atoms. With the addition of 

a little amount of energy, these weakly linked valence electrons may become free electrons and leave 

the atom. As a result, the free electrons in a conductive substance may convey electricity. In this article, 

semiconductors types, structure and its applications was highlighted. 

 

Keywords: Electricity, Insulator, Semiconductors. 

1. Introduction 

When it comes to conducting electricity, semiconductors 

fall somewhere in the middle between conductors and 

insulators. In its pure (intrinsic) form, a semiconductor is 

neither a conductor nor an insulator.  Anode materials  

consisting of just  one element  include antimony (Sb), 

arsenic (As), astatine (At), boron (B), polonium (Po), 

tellurium (Te), tellurium (Te), silicon (Si), and germanium 

(Ge). There are also a number of other types of compound 

semiconductors that are regularly employed, including 

gallium arsenide, silicon carbide, indium phosphate, 

gallium nitride and silicon germanium. The four-valence 

electron atoms distinguish single-element semiconductors. 

The most prevalent semiconductor is silicon. 

2. Semiconductors 

Between conductors (mostly metals) and non-conductors 

(or insulators), there exist semiconductors (such as 

ceramics). Gallium arsenide and pure elements like silicon 

and germanium are examples of semiconductors. 

Semiconductors are governed by physics, which explains 

their theories, characteristics, and mathematical approach 

[1]. 

We can begin categorizing materials now that we know 

how genuine bands form in real components. Some 

additional terminology beforehand. Conduction and 

valence bands are used if the Fermi level is located in the 

middle of two bands.  The band gap is the difference in 

energy between the conduction and valence bands. The 

valence and conduction bands of a metal overlap because 

the Fermi level is contained inside a band. A wide 

band gap exists in an insulator. An insulator- 

conductor transitional material with a band gap generally 

on the order of one electron volt (eV). Where does the 

band gap size 1 eV come from? First of all, recall the 

Fermi distribution f(") = 1 e ("¡"F ) + 1 (1) Here we have 

taken  = "F which is exactly true only at T = 0, but very 

close to being true in metals, since they have T  TF (recall 

the numbers TF 80000K and "F 7eV for copper). Since 

we are no longer utilizing a free electron gas model, "F" 

cannot be calculated from rest principles. As it turns out, 

the only thing that counts is "F.'s" relative energy. You'll 

see that f("F)=1 2. This implies that the energy level "F in 

a conductor is 50% likely to be occupied. To enter the 

conduction band, electrons in an insulator or 

semiconductor must cross the band gap. There must 

thus be equal numbers of holes and excitations in the 

valence band and in the conduction band, such that the 

Fermi distribution must be symmetric [2]. Alternatively, 

the Fermi level is always near the centre of the band  

gap  when  it's  in a band  gap. 2 This  is a universal 

truth that is  crucial  to comprehending doped 

semiconductors below this level of abstraction. Now, at 

room temperature kBT = 0.025eV. We can then compute 

the probability of finding an electron at the base of the 

conduction band, at energy "c = "F + 1 2 "bg as f"F + 1 2 

"bg= 1 exp"bg 2kBT + 1 exp¡ "bg 0.05eV = 
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We see that this function is exponentially falling. At 

"bg=1eV, the base of the conduction band only has a 

10¡9 chance of being occupied. At "bg=2eV the 

probability is already down to 10¡18 , and at "bg=3eV 

it's down to 10¡27 . Considering there are of order NA 10 

24 electrons around, we conclude that a band gap of 

order "bg  1-2eV is the appropriate scale for determining 

what can conduct. To get a sense of the numbers, the 

band gap in NaCl, which forms an ionic solid, is "bg = 

8.9eV, making it an insulator. Diamond (a solid form of 

carbon) at room temperature is "bg = 5.4eV. Thus 

diamond is also an insulator. Silicon, below diamond, 

has "bg = 1.08eV making it on the boundary between 

conductor and insulator: silicon is a semiconductor. An 

important characteristic of a semiconductor is number 

density of conduction electrons (in the conduction 

band) [3]. To compute this, we can treat the electrons 

in the conduction band as having the usual non-

relativisitic dispersion relation: " = "F + 1 2 "bg + ~ 2~k 

2 2me where "C = "F + 1 2 "bg is the energy at the 

bottom of the conduction band. Then the density of 

states for conduction electrons is as in the free-electron 

gas, g(") = V 22¡ 2me ~2 3/2 " ¡ "F ¡ 1 2"bg q .3 

Approximating f(") exp¡ " ¡ "F kBT as in Eq. (2) we then 

get ne = 1 V Z "F + 1 2"bg 1 g(")f(")d" = 2 mkBT 2~ 2 

3/2 e¡ "bg 2kBT 

Similarly the density of holes is nh =  2me ~ 2 3/2Z¡1 "F 

¡ 1 2"bg "F ¡ 1 2 "bg ¡ " r e¡ "F ¡" kBT d" = 2 mkBT 2~ 2 

3/2 e¡ "bg 2kBT 

So, in a pure intrinsic semiconductor the densities of 

electrons and holes are the same: ne=nh=nI. nI is called 

the intrinsic carrier concentration. Plugging in the 

numbers for silicon we get nI = 2 mkBT 

2~ 2 3/2 e¡ "bg 2kBT =  2.4 10 19 1 cm3  e¡ 1.08eV 

0.05eV = 10 10 1 cm31709 

For semiconductors, this equation is frequently referred 

to as the law-of-mass-action, since it relates the 

equilibrium concentrations of electrons and holes. In 

order to better understand why carbon is an insulator and 

silicon is a semiconductor, let's look at the properties of 

both. Carbon's formula is C = [He]2s 22p 2. In a covalent 

network, it has four valence electrons, which enable it to 

create four covalent bonds. As opposed to creating 

metallic connections, this is more stable. aC = 0.154nm 

is the atomic distance between diamond atoms. Rc = 10 

14 m is its electrical resistivity. Silica is the chemical 

compound Si = [Ne]3s 23p 2. As with carbon, 

silicon forms covalent bonds, but the valence 

electrons of silicon are further out, making the bonds 

weaker. Silicate bonds are weaker than those in diamond, 

which is why the distance between silicon's nuclei is 

nearly twice as great as that between diamond's. As a 

result, silicon may be conceived of as having metallic 

bonding rather than being covalently bound. Our ability 

to interpolate between covalent and metallic can be 

facilitated by the tight-binding hypothesis. In comparison 

to metals like copper, which has a resistivity of 1.7 108 

m, silicon has a resistivity of rSi=0.001 m, which is 

hundreds of orders of magnitude higher than diamond's 

[4]. There is a metal next to silicon on the periodic 

table called germanium: Ge = 104s 

24p 2. bg = 0.67eV, lattice spacing = 0.243nm, and 

resistivity equal to nearly half of that of silicon are all 

values derived  from the bandgap (the distance 

between the electrons in the crystal)  of germanium 

gallium germanium (GeGe). So semiconductors are 

silicon and germanium. Gallium arsenide GaAs is an 

important semiconductor. "bg = 1.43eV.1709 

 

Examples of Semiconductors: 

Some of the most often used semiconductors are gallium 

arsenide, germanium, and silicon. Gallium arsenide 

(GaAs) is utilized in solar cells, laser diodes, etc., 

whereas silicon is employed in electrical circuit 

construction. 

 

3. Types of Semiconductor 

3.1 Intrinsic Semiconductor 
 

We'll use the most popular examples of Ge and Si, whose 

lattice structure has a regular hexagonal configuration. 

The diamond-like structures are a kind of structure. Four 

of an atom's closest neighbours encircle it. Si and Ge 

both contain four valence electrons, as we well know. 

One of each Si or Ge atom's four valence electrons is 

shared with each of its four closest neighbours in the 

crystal structure, and one electron is taken from each of 

these neighbours. Covalent bonds, also known as valence 

bonds, are formed when two atoms share electrons. Si and 

Ge structures may be seen as two- dimensional 

representations of the covalent bond because the two 

shared electrons can be considered to move back and 

forth between the related atoms keeping them together 

[5]. 

At low temperatures, this may happen. Because of the 

increased amount of thermal energy, some of these 

electrons could break–away when the temperature rises 

(becoming free electrons contributing to conduction). 

Only a few atoms in the crystalline lattice are efficiently 

ionized by the heat energy and a vacancy is created in the 

link. Free electrons (charge –q) leave behind an effective 

charge (+q) in the neighbourhood where they came from. 

A hole is a void that has an effective positive charge. The 

hole seems to be a free particle with an effective charge 

of positive polarization. There are exactly as many free 

electrons as there are holes in an intrinsic semiconductor, 

which is why intrinsic semiconductors are called 

semiconductors [6]. 
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In other words, the intrinsic carrier concentration is ne  

= nh  = ni. Semiconductors have a unique characteristic 

that allows electrons and holes to travel at the same time. 

There is a hole at the location. It is possible to see the 

movement of holes. There is a possibility that an electron 

from the covalent link at site 2 might move to the 

unoccupied site 1. (hole). As a result, the hole has moved 

to site 2 and the electron has moved to site 1. 

Consequently, it seems that the hole has shifted to site 2. 

The electron that was released is not a part of this process 

of hole movement. When an electric field is applied, an 

electron current, Ie, is generated because the free electron 

acts as a conduction electron and travels fully 

independently. Recall that the movement of a hole is only 

a handy technique to describe bound electrons' real 

mobility when there is an empty link in the crystal. An 

electric field causes these holes to flow towards a 

negative potential, resulting in the hole current I h. That's 

because the electron and hole currents add up to one big 

total current, Ih: 

I = I e + I h 

Conduction electrons and holes are generated, but at the 

same time the electrons and holes are also recombined in 

the process of recombination. The generation rate and 

the recombination rate of charge carriers are identical 

when the system is in equilibrium. When an electron and 

a hole collide, recombination occurs. 

If you set T = 0 K, an intrinsic semiconductor will act as 

an insulator 

(a). Higher temperatures (T > 0K) excite certain electrons 

from the valence band to the conduction band by 

exchanging energy with them. The conduction band is 

partly occupied by these excited electrons at temperatures 

above zero degrees Celsius. Because of this, an intrinsic 

semiconductor's energy band diagram will appear as 

depicted. 

(b). Electrons in the conduction band may be seen in this 

illustration. There are equal numbers of holes in the 

valence band because of this. 

 

 
 

When T = 0 K, an intrinsic semiconductor is insulating. 

Four pairs of electron-hole pairs at temperatures greater 

than 0 K. The electrons (filled circles) and holes (empty 

circles) are shown in the diagram. 

 

3.2 Extrinsic Semiconductor 
 

(i)   An intrinsic semiconductor's conductivity varies with 

temperature, although it is very low at ambient 

temperature. So these semiconductors can't be used to 

create any significant electronic gadgets. As a result, 

increasing their conductivity is a must. With the help of 

impurities, it is possible to do this. It is possible to greatly 

improve the conductivity of a pure semiconductor by 

adding only a few parts per million (ppm) of an 

appropriate impurity. Extrinsic semiconductors or 

impurity semiconductors  are the  terms  used  to  

describe  these types  of materials.  An impurity atom,  

or "dopant," that is added deliberately is termed doping. 

A doped semiconductor is another name for this kind of 

material [7]. 

(ii)   Dopants must be chosen such that they do not alter 

the native crystal lattice structure of the semiconductor.  

It  merely  takes  up  a  tiny  fraction  of  the  crystal's  

initial  semiconductor  atom locations. To do this, the 

dopant and semiconductor atoms' diameters must be 

almost identical. It's possible to dope the tetravalent Si or 

Ge using two kinds of dopants: 

(iii)  Pentavalent (valency 5); like Arsenic (As), 

Antimony (Sb), Phosphorous (P), etc. 

For example, Indium (In), Boron (B), and Aluminum (Al) 

are all trivalent elements with valency three. Here, we'll 

explain how doping affects the amount of charge carriers 

(and hence the conductivity) in semiconductors. We 

chose a dopant element from the neighbouring fifth or 

third group because Si or Ge belongs to the fourth group 

in the Periodic table and because we anticipate and take 

care that the size of the dopant atom is almost the same as 

that of Si or Ge. There are two distinct kinds of 

semiconductors produced by penta- and trivalent dopants 

in Si and Ge, as will be explored more below [8]. 

The deliberate addition of impurities to the intrinsic 

(pure) semi conductive material may greatly boost the 

conductivity of semiconductors, which is typically a poor 

conductor. Doping is a technique used to increase the 

number of active users (electrons or holes). n-type and p-

type impurities are the two types of impurities. 

 

3.3 N-Type and P-Type Semiconductors: N-Type 

Semiconductor 
 

Pentavalent impurity atoms are introduced to intrinsic 

silicon to enhance the amount of electrons in the 

conduction band. Arsenic (As), phosphorous (P), bismuth 

(Bi), and antimony (As) are examples of atoms containing 

five valence electrons (Sb). 



International Journal of Engineering Applied Science and Management 

ISSN (Online): 2582-6948 

Vol. 1 Issue 3, December 2020 

 
 

 

 
Paper ID: 2020/IJEASM/1/2020/1615a  4 

 

Antimony forms covalent connections with four 

neighbouring silicon atoms for each pentavalent element. 

The antimony atom uses four of its valence electrons to 

create covalent connections with silicon atoms, leaving an 

additional electron. Because it isn't engaged in bonding, 

the additional electron is classified as a conduction 

electron. Because it gives away an electron, the 

pentavalent atom is referred to as a donor atom. Silicon 

may be finely tuned by the quantity of impurity atoms 

that are introduced to the material. This doping method 

does not leave a hole in the valence band because the 

number of conduction electrons generated exceeds the 

amount necessary to fill the valence band. 

Carriers belonging to both the majority and the minority 

When doped with pentavalent atoms, silicon (or 

germanium) is an n-type semiconductor because most of 

the current carriers are electrons (the n stands for the 

negative charge on an electron). In n-type materials, 

electrons are referred to as the majority carriers. Even 

though electrons make up the bulk of n-type material's 

current carriers, the thermal generation of electron-hole 

pairs creates a few holes. The pentavalent impurity atoms 

do not contribute to the formation of these holes. Minority 

carriers refer to holes in an n-type material. 

Let's say a pentavalent element is used to numb Si or Ge. 

Assuming that the +5 element inhabits the crystal lattice 

of Si, four of the element's electrons link with four silicon 

neighbours, while the fifth stays tethered to its parent. 

This is because the fifth electron considers the four 

electrons involved in bonding to be a component of the 

atom's effective core. As a consequence, the ionization 

energy necessary to liberate this electron is very low, and 

it will be free to travel inside the semiconductor lattice 

even at normal temperature. 

So, for germanium, it takes around 0.01 eV of energy to 

detach one electron from its atom, whereas for silicon, the 

energy needed is about 0.05 eV of energy. At ambient 

temperature, the energy needed to leap the forbidden band 

(0.7 eV for germanium and 1.1 eV for silicon) is much 

lower. Because the pentavalent dopant is providing an 

additional electron for conduction, it's called the donor 

impurity. A rise in ambient temperature has no effect on 

the number of electrons made accessible for conduction 

by dopant  atoms. When it comes to free electrons and 

holes created by Si atoms, however, temperature has a 

negligible effect on this. Donor- and intrinsically-

produced electrons account for the majority of the 

conduction electrons in a doped semiconductor, but the 

vast majority of the semiconductor's holes (nh) are 

created entirely by the intrinsic source. However, as the 

number of electrons grows, so will the rate of hole 

recombination. Thus, the number of holes would continue 

to be lowered. As a result, the number of conduction 

electrons may be increased significantly more than the 

number of holes by using correct doping levels. As a 

result, electrons predominate over holes in an extrinsic 

semiconductor doped with pentavalent impurities. The n-

type semiconductors are so referred to as such. We have 

ne > nh for n-type semiconductors [9]. 

 

3.4 P-Type Semiconductor 
 

Trivalent impurity atoms are used to boost the intrinsic 

silicon's number of holes. For example, the boron 

trivalent atom makes covalent connections with four 

nearby silicon atoms (in this instance, four adjacent 

silicon atoms). There are four electrons in total needed to 

form each covalent link, therefore each additional boron 

atom leaves a hole in the molecule. Term "acceptor atom" 

refers to the fact that the trivalent atom may accept an 

electron With the right amount of trivalent impurity 

atoms, the number of holes may be precisely regulated. A 

conduction (free) electron does not accompany a hole that 

is formed as a result of this doping process. 

Carriers belonging to both the majority and the minority 

P-type semiconductors are silicon (or germanium) doped 

with trivalent atoms because most of the current carriers 

are holes. In p-type materials, holes are the primary 

carriers. Despite the fact that the bulk of the material's 

current carriers are holes, thermally produced electron-

hole pairs do produce a small number of conduction- band 

electrons. The trivalent impurity atoms do not contribute 

to the generation of these conduction- band electrons. 

There are just a few electrons in the conduction band in p-

type materials. 

Doping Si or Ge with a trivalent impurity such as Al, B, 

In, etc. results in this. Unlike Si or Ge, dopants have just 

one extra electron in their valence shells, therefore they 

may form covalent bonds with three Si atoms but not with 

the fourth Si atom. A hole exists in the link between the 

trivalent atom and its fourth neighbour. An electron in the 

outer orbit of an atom in the vicinity may hop to fill this 

vacancy, leaving a vacancy or hole at its own location 

because the next Si atom in the lattice desires an electron 

in lieu of a hole. As a result, conduction may now occur 

via the hole. When a neighbouring Si atom exchanges a 

fourth electron with a trivalent foreign atom, the atom 

becomes effectively negatively charged. A single negative 

charge may be generated by treating the dopant atom of 

the p-type material as the core together with its 

corresponding hole. 

A single acceptor atom leaves a single hole, as is clear. 

Additional to the inherently produced holes, conduction  

electrons  are  formed  exclusively by  intrinsic  

production.  In  this  case,  the  majority carriers are holes, 

whereas the minority carriers are electrons. Therefore, p-

type semiconductors are extrinsically doped 

semiconductors with trivalent impurities. Recombination 

will lower the quantity of intrinsically produced electrons 
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(ni) to ne in p-type semiconductors. The p-type 

semiconductors are available. 

nh >> ne 

The overall charge neutrality of the crystal is maintained 

because the extra charge carriers in the lattice have the 

same charge as the ionized cores. Extrinsic 

semiconductors contain a high concentration  of  majority  

current  carriers  and  hence,  the  thermally  generated  

minority  current carriers have a greater probability of 

encountering and being destroyed by the majority current 

carriers. As a result, the dopant indirectly aids in reducing 

the inherent concentration of minority carriers by 

introducing a high number of current carriers of one kind 

that become the majority carriers.   Doping   has   an   

effect   on   the   semiconductor's   energy-band   

structure.   Extrinsic semiconductors have extra energy 

states owing to donor (ED) and acceptor (EA) impurities. 

N-type Si semiconductor's energy band diagram shows 

that electrons from the donor energy level ED enter the 

conduction band with a modest amount of energy, just 

above the bottom energy level EC. There are just a few 

(1012) atoms of Si that are ionized at ambient 

temperature. 

As a result, the donor impurities will be the primary 

source of electrons in the conduction band. Similarly, the 

acceptor energy level EA is somewhat above the top EV 

of the valence band for p-type semiconductors [10]. An 

electron from the valence band may jump to the level EA  

and ionise the acceptor negatively with a relatively tiny 

input of energy. We may also argue that the hole from 

level EA dips down into the valence band with a very 

modest supply of energy. When they obtain energy from 

somewhere else, electrons rise and holes sink.) Most of 

the acceptor atoms are ionized at ambient  temperature,  

leaving valence band  holes. This  means  that  at ambient  

temperature,  the valence band hole density is mostly 

caused by extrinsic semiconductor impurity. ne is the 

concentration of electrons and holes in a semiconductor in 

thermal equilibrium. 

nh = ni2 

It's a rough approximation, but it helps explain the 

distinction between metals, insulators and semiconductors 

(extrinsic and intrinsic) in a straightforward way. As their 

conduction and valence bands' energies diverge, C, Si, 

and Ge exhibit a wide range of resistivity differences. The 

energy gaps are 5.4 eV, 1.1 eV, and 0.7 eV, respectively, 

for C (diamond), Si, and Ge. Sn is likewise a group IV 

element, but its energy gap is zero eV, making it a metal. 

 

3. Semiconductor Structure 
 

There are 8 electrons around each semiconductor, which 

is composed of atoms bound together in a regular, 

periodic configuration. This makes up the nucleus of an 

atom, which is made up of a core of protons (positively 

charged particles) and neutrons (non-charged particles). 

The atom is electrically neutral because the quantity of 

electrons and protons are equal. Depending on how many 

electrons an atom has, the electrons inhabit various 

energy levels. This is true for each element in the periodic 

table. 

Materials from group IV of the periodic table or a mixture 

of groups III and V (referred to as III-V semiconductors) 

or combinations of groups II and VI provide the building 

blocks for semiconductor atoms (called II-VI 

semiconductors). Because it is the foundation of 

integrated circuits (ICs), silicon is the most widely 

utilised semiconductor material. In addition, silicon is the 

primary component of the vast majority of solar cells. 

It is the semiconductor's bond structure that dictates its 

physical characteristics. To begin with, it restricts 

electrons' ability to travel about the crystal lattice and the 

energy levels they may occupy. A covalent link connects 

the electrons around each atom in a semiconductor. An 8-

electron orbit around each atom in a covalent connection 

is the result of the electrons "sharing" between two atoms. 

The electrons in a covalent bond are constrained to the 

area around the atom because of the bond's holding 

power. Electrons in a bond cannot participate in current 

flow, absorption, or other physical processes that require 

the presence of free electrons since they cannot move or 

alter their energy [4,6]. 

However, only at absolute zero do all electrons form 

bonds. At higher temperatures, the electron may obtain 

enough energy to break out of its link, allowing it to roam 

freely across the crystal lattice and participate in 

conduction. With enough free electrons, a semiconductor 

can conduct current at normal temperature, but an 

insulator is what it is when it is at or near absolute zero 

degrees. Because of the connection, the electrons may 

now exist in two different energy levels. The electron's 

lowest-energy state is when it is bound. Electrons can 

only be liberated from their bonds if they have enough 

thermal energy to do it themselves. The electron is either 

in a low-energy position in the bond, or it has gathered 

enough energy to break out and consequently has a 

specific minimum energy. There is no middle ground for 

the electron. It's known as the band gap of a 

semiconductor because of this minimal energy. Electronic 

gadgets work because of the quantity and energy of free 

electrons. A covalent bond may pass from one electron to 

another across the crystal lattice because of the space left 

by the electrons. This positive-charged void is frequently 

referred to as a "hole," and it resembles an electron. 

 

4. Applications 

 

Let's take a closer look at how semiconductors are used in 

everyday life. There are practically no electronic gadgets 
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that don't require semiconductors. Our lives would be 

vastly different if it weren't for them. 

Their durability, compactness, cheap cost, and ability to 

regulate the flow of electricity make them excellent for a 

broad range of applications in a variety of components 

and systems. To put it another way: everything from 

diodes and transistors to microcontrollers and integrated 

circuits is built on the foundation of semiconductors. 

 

5. Conclusion 

Electronic devices and solar cells depend heavily on the 

following characteristics of semiconductor materials: 

▪   The band gap; 

▪   The number of free carriers available for conduction; 

and 

▪   The "generation" and recombination of free carriers 

in response to the electric field, temperature and light 

shining on the material. 
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