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INTRODUCTION

Unfortunately, the size of an atom is so small that it is virtually impossible to see it even

with the most powerful microscope. Therefore, we have to employ indirect method for
the study of its structure. The method consists of studying the properties of atom experimentally.
After this, a guess is made regarding the possible structure of atom, which should satisfy the
properties studied experimentally.

Various scientists have given different theories regarding the structure of atom. However, for the
purpose of understanding electronics, the study of Bohr's atomic model is adequate. Although numer-
ous refinements on Bohr’s atomic model have since been made, we ill believe in the laws that Bohr
applied to the atomic world. In this chapter, we shall ded with Bohr’s atomic modd in order to
understand the problems facing the electronic world.

4.1 Bohr’'s Atomic Model

In 1913, NeilsBohr, Danish Physicist gave clear explanation of atomic structure. According to Bohr:

(i) Anatom consistsof apositively charged nucleus around which negatively charged electrons
revolvein different circular orhits.

T he study of atomic structure is of considerable importance for electronics engineering.
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(if) The electrons can revolve around the nucleus only in certain
permitted orbitsi.e. orbits of certain radii are allowed.

(iif) Theéelectronsineach permitted orbit have acertain fixed amount
of energy. The larger the orbit (i.e. larger radius), the greater is the en-
ergy of electrons.

(iv) If anelectronisgiven additional energy (e.g. heat, light etc.), it
islifted to the higher orbit. Theatomissaid to bein astate of excitation.
This state does not last long, because the electron soon falls back to the
original lower orbit. Asit falls, it gives back the acquired energy in the
form of heat, light or other radiations.

Fig. 4.1 shows the structure of silicon atom. It has 14 electrons.
Two electronsrevolveinthefirst orbit, 8inthe second orbitand4inthe ~ Neils Bohr (1885-1962)
third orbit. Thefirst, second, third orbits etc. are also known as K, L, M orbits respectively.

These electrons can revolve only in permitted orbits (i.e. orbits of *radii r, r, andr;) and notin
any arbitrary orbit. Thus, all radii betweenr, and r, or betweenr, and r; are forbidden. Each orbit
has fixed amount of energy associated with it. If an electron in the first orbit is to be lifted to the
second orbit, just the ** right amount of energy should be supplied to it. When this electron jumps
from the second orbit to first, it will give back the acquired energy in the form of electromagnetic
rediations.
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Fig. 4.1

4.2 Energy Levels

It has aready been discussed that each orbit has fixed amount of energy associated with it. The
electronsmoving in aparticular orbit possessthe energy of that orbit. Thelarger the orbit, the greater
isits energy. It becomes clear that outer orbit electrons possess more energy than the inner orbit
electrons.
A convenient way of representing the energy of different orbitsisshownin Fig. 4.2 (ii). Thisis

known as energy level diagram. The first orbit represents the first energy level, the second orbit

*  Thevalues of radii are determined from quantum considerations.

** Sothat itstotal energy is equal to that of second orbit.
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indicates the second energy level and so on. The larger the orbit of an electron, the greater isits
energy and higher isthe energy level.
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4.3 Energy Bands

In case of asingleisolated atom, the electronsin any orbit possess definite energy. However, an atom
in a solid is greatly influenced by the closely-packed neighbouring atoms. The result is that the
electronin any orbit of such an atom can have arange of energiesrather than asingle energy. Thisis
known as energy band.

The range of energies possessed by an electron in a solid is known as ener gy band.
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Fig. 4.3

The concept of energy band can be easily understood by referring to Fig. 4.3. Fig. 4.3 (ii) shows
the energy levels of a single isolated atom of silicon. Each orbit of an atom has a single energy.
Therefore, an electron can have only single energy corresponding to the orbit in which it exists.
However, when the atom isin a solid, the electron in any orbit can have arange of energies. For
instance, electronsin the first orbit have slightly different energies because no two electronsin this
orbit see exactly the same charge environment. Since there are millions of first orbit electrons, the
dlightly different energy levelsform aband, called 1st energy band [SeeFig. 4.3 (iii)]. Theelectrons

inthefirst orbit can have any energy rangein thisband. Similarly, second orbit electronsform second
energy band and so on.
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4.4 Important Energy Bands in Solids

Asdiscussed before, individua K, L, M etc. energy levels
of anisolated atom are converted into corresponding bands
when the atomisin asolid. Though there are anumber of
energy bandsin solids, the following are of particular im-

CONDUCTION BAND
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portance [See Fig. 4.4] : FORBIDDEN
(i) Valenceband. Therange of energies (i.e. band) EN(EESY

possessed by valence electrons is known as valence
band.

The electrons in the outermost orbit of an atom are
known as valence electrons. In a normal atom, valence
band has the electrons of highest energy. This band may .
be completely or partially filled. For instance, in case of Fig. 4.4
inert gases, the valence band isfull whereasfor other materias, itisonly partially filled. The partially
filled band can accommodate more el ectrons.

(if) Conduction band. In certain materials (e.g. metals), the valence electrons are loosely at-
tached to the nucleus. Even at ordinary temperature, some of the valence electrons may get detached
to becomefreeelectrons. Infact, it isthesefree electronswhich areresponsiblefor the conduction of
current in aconductor. For thisreason, they are called conduction electrons.

The range of energies (i.e. band) possessed by conduction band electronsis known as conduc-
tion band.

All electrons in the conduction band are free electrons. If a substance has empty conduction
band, it means current conduction is not possiblein that substance. Generally, insulators have empty
conduction band. On the other hand, it is partially filled for conductors.

(iif) Forbidden energy gap. The separation between conduction band and valence band on the
energy level diagramis known as forbidden energy gap.

No electron of asolid can stay in aforbidden energy gap as there is no allowed energy statein
thisregion. The width of the forbidden energy gap isameasure of the bondage of valence electrons
totheatom. The greater the energy gap, moretightly the valence electrons are bound to the nucleus.
In order to push an electron from valence band to the conduction band (i.e. to make the valence
electron free), external energy equal to the forbidden energy gap must be supplied.
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4.5 Classification of Solids and Energy Bands

We know that some solids are good conductors of electricity while othersareinsulators. Thereisaso
an intermediate class of semiconductors. The difference in the behaviour of solids as regards their
electrical conductivity can be beautifully explained in terms of energy bands. The electronsin the
lower energy band aretightly bound to the nucleus and play no part in the conduction process. How-
ever, the valence and conduction bands are of particu- ST | R W NN
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lar importance in ascertaining the electrical behaviour
of various solids.

(i) Insulators. Insulators (e.g. wood, glass etc.)
are those substances which do not allow the passage of
electric current through them. Intermsof energy band,
the valence band is full while the conduction band is
empty. Further, the energy gap between valence and
conduction bands is very large (=~ 15 eV) asshown in & = kL
Fig. 4.5. Therefore, avery high electricfieldisrequired B T L i Aty T
to push the valence electrons to the conduction band. Insulators
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For this reason, the electrical conductivity of such
materialsis extremely small and may be regarded as nil
under ordinary conditions.

At room temperature, the valence electrons of the

CONDUCTION BAND

energy to cross over to the conduction band. Hence, the
resistance of an insulator decreases with the increase in
temperaturei.e. aninsulator has negative temperature co-
efficient of resistance.

(i) Conductors. Conductors (e.g. coppet,
aluminium) are those substances which easily allow the Fig. 4.5
passage of electric current through them. It is because
there are alarge number of free electrons availablein a
conductor. In terms of energy band, the valence and
conduction bands overlap each other as shown in Fig.
4.6. Dueto thisoverlapping, adlight potential difference
acrossaconductor causesthefree electronsto constitute
electric current. Thus, the electrical behaviour of
conductors can be satisfactorily explained by the band
energy theory of materials.

(iif) Semicondutors. Semiconductors (e.qg.
germanium, silicon etc.) are those substances whose
electrical conductivity lies inbetween conductors and
insulators. In terms of energy band, the valence band is
almost filled and conduction band is ailmost empty.
Further, the energy gap between valence and conduction Fig. 4.6
bands is very small as shown in Fig. 4.7. Therefore,
comparatively smaller electric field (smaller than insulators but much greater than conductors) is
required to push the electronsfrom the valence band to the conduction band. In short, a semiconductor
has:

(a) amost full valence band
(b) a@most empty conduction band
(c) small energy gap (= 1 V) between valence and conduction bands.

At low temperature, the valence band is
completely full and conduction band is completely
empty. Therefore, asemiconductor virtually behaves o EMPTY

insulators do not have enough energy to crossover to the é T
conduction band. However, when the temperature is w FORBIDDEN
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asan insulator at low temperatures. However, even CONDUCTION BAND _{
at room temperature, some electrons (about one
electron for 10™ atoms) crossover to the conduction eV

band, imparting little conductivity to the
semiconductor. Asthetemperatureisi ncreas?ed, more VALENCE B AND/ _T_

valence electrons cross over to the conduction band Y~FILLED
and the conductivity increases. This shows that
electrical conductivity of asemiconductor increases
with therisein temperaturei.e. a semiconductor has
negative temperature co-efficient of resistance. Fig. 4.7
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4.6 Silicon

During theinfancy of electronicindustry, both germanium and silicon were used in the manufacture
of semiconductor devices. Asthe electronic field advanced, it was realised that silicon was superior
to germanium in many respects. Since silicon isthe most widely used material in the manufacture of
semiconductor devices, we shall continue to discuss the properties of this material (as compared to
germanium) as and when we get the chance.

There are 4 valence There are 4 valence
electronsin the outer electronsin the outer
(valence) shell. (valence) shell.
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Fig. 4.8

(i) Notetheatomic structure of germanium and siliconin Fig. 4.8 carefully. The valence elec-
tronsin germanium arein the fourth orbit while the valence electronsin silicon arein the third orbit;
closer to the nucleus. Therefore, the germanium valence electrons are at higher energy level than
those in silicon. This means that germanium valence electrons require smaller amount of additional
energy to escape from the atom and become free electron. What is the effect of this property? This
property makes germanium more unstable at high temperatures. Thisisthe basic reason why silicon
iswidely used as semiconductor material .

(i) Fig. 4.9 showsthe energy level/band of silicon atom. The atomic number of siliconis 14 so
that its 14 electrons are distributed in 3 orbits. Each energy level/band is associated with certain
amount of energy and is separated from the adjacent bands by energy gap. No electron can exist in
the energy gap. For an electron to jump from one orbit to the next higher orbit, external energy
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Silicon atom
Fig. 4.9
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(e.g. heat) equal to the energy difference of the orbits must be supplied. For example, the valence
band is shown to have an energy level of 0.7 eV. The conduction band is shown to have an energy
level of 1.8 eV. Thusfor an electron to jump from the valence band to the conduction band, an energy
=1.8-0.7=1.1eV must besupplied. Asyou will see, the energy band description of substancesisvery
important in understanding many fields of science and engineering including electronics.

MULTIPLE-CHOICE QUESTIONS

1. The electrons in the third orbit of an atom (iii) freeelectrons (iv) none of the above
have ........ energy than the electronsinthe| 6. In insulators, the energy gap between
second orhit. valence and conduction bandsis........

(i) more (i) less (i) verylarge (i) zero
(iii) thesame (iv) none of the above (i) very small (iv) none of the above

2. When an electron jumps from higher orbit| 7. In a conductor, the energy gap between

to alower orbit, it ........ energy. valence and conduction bandsis........

(i) absorbs (i) emits (i) large (it) verylarge
(iii) sometimes emits, sometimes absorbs (i) very small (iv) none of the above
(iv) none of the above 8. According to Bohr’s theory of atom, an

3. Which of the following is quantized electron can movein an orbit of ........

according to Bohr’stheory of atom ? (i) anyradius

(i) linear momentum of electron (if) certainradius

(i) linear velocity of electron (iif) some range of radii
(iif) angular momentum of electron (iv) none of the above
(iv) angular velocity of electron 9. Inasemiconductor, the energy gap between

4. A semiconductor has........ band. valence and conduction bandsisabout ........

(i) amost empty valence (i) 15eV (if) 100 eV

(if) amost empty conduction (iii) 50eVv (iv) 1ev
(iii) amost full conduction 10. The energy gap between valence and
(iv) none of the above conduction bandsininsulatorsisabout ........

5. The electrons in the conduction band are (i) 15ev (i) 1.5ev
knownas........ (iii) zero (iv) 0.5ev

(i) bound electrons (ii) valence electrons

Answers to Multiple-Choice Questions
1. (i) 2. (ii) 3. (iii) 4. (i) 5. (iii)
6. (i) 7. (iii) 8. (i) 9. (iv) 10. (i)

Chapter Review Topics
1. Explain the salient features of Bohr’s atomic model.
2. Explain the concept of energy bands in solids.
3. Describe the valence band, conduction band and forbidden energy gap with the help of energy level
diagram.
4. Givethe energy band description of conductors, semiconductors and insulators.

Discussion Questions
Why isthe energy of an electron more in higher orbits ?
What is the concept of energy band ?
Why do conduction band electrons possess very high energy ?
Why are valence electrons of amaterial so important ?
What is the difference between energy level and energy band ?

o wNPE



Administrator
Stamp


	4. Atomic Structure
	INTRODUCTION
	4.1 Bohr’s Atomic Model
	Fig. 4.1

	4.2 Energy Levels
	Fig. 4.2

	4.3 Energy Bands
	Fig. 4.3

	4.4 Important Energy Bands in Solids
	Fig. 4.4
	(i) Valence band.
	(ii) Conduction band.
	(iii) Forbidden energy gap.


	4.5 Classification of Solids and Energy Bands
	(i) Insulators.
	Fig. 4.5

	(ii) Conductors.
	Fig. 4.6

	(iii) Semicondutors.
	Fig. 4.7


	4.6 Silicon
	Fig. 4.8
	Fig. 4.9

	MULTIPLE-CHOICE QUESTIONS
	Answers to Multiple-Choice Questions
	Chapter Review Topics
	Discussion Questions

	Untitled

