== 1.5] eVere S

b’ b pcr"miucd orbits with (hejr associatedll-
B8 < are shown in Fig. 12.9. [¢ i5 seen that ghe ol
0 :s certain specific amounts of energy only,

1‘ " it can have an energy of 13.6 ev and in tl';g

ort ergy Iving in between thege p,, Values, Fe,

,.‘.— 1y cn - ‘ ‘ 4 ;. k $ 0’: - |*‘_a
Blafencrey = (13.6)  (3.4) < 102 e 1g ryice it from the
we try 10 give I, say, 8 eV, it wil] s e

" J Y

mply not g cent ;
= ) o lie anywhere in between the Permitted crbiig
| ’le 124. Deternine the frequency i

of radiation Mitted
when it jumps fromn = 3 orbir 1o

" =2 orbi, Take J, -
, As seen from Art. 125, Ey=-151ev and 2, = 14 Vv
E, I 151~ (- 3.4)= | 89en) B
L.BO % 1.6 x 10719 |
E‘. , = hf

l‘gqx 1.6 > 10) (\_(\ZS)‘ IU \‘le .

f =457 x 10" 1,

radiations emitted ean also be fou
K

ed, wavelenpth of (he
e = )
BC IS the velocity of |y ht i vacuum
B0 = 4 57 « ()¢

A= 6563 x 1010 m

X A

18rgy Levels in an Isolated Atom :

consider a single tsolated atom of hydrogen Le., an

B 1O be affecied g all by their electric fiel ds. |
B different orbits would remain totally unaf

\ already beer ziven in Art. 13.15 above.
Ao their radii as 1n Fig. 129, it is cu Lomar

e EneTRy scale as shown in Fig ui 0. Such
A€ atom ’

hrepn:.semujbya 1zontal hin
Bave no significance, It Is see
€ energics are at the n whe
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 eve agyna mdzcatwn of
 thei occupancy by elec-
~ strons which level an elec-
- tronwill occupy at a given

‘ttine depends on the total
energy possessed by it. However the maximum number of e]
ectrop

:~1cvel can have is given by 2 n? and has been shown in the ELD
of Fl

Lt

'-Energy Bands in Solids

So far *we have
: ¥ nergy ba
ercd electron energy | 2 s

; 1gb.tgyxdxffer~“'" S ;
d'once ther; Cons ' , 100 ener, :
e equenﬂ 7 1K gy"le\’(’l
gy ina so Ld’asﬁ_hf)wu in Fig. yl2 .:;ngle _'energy level of an lsolated at

SRR

e Ievels have |
e __'been shown 1in each bdﬂd though their number‘s'l'w‘

-are close e
‘ . ‘nougk‘) fo influence each olher (in the presfm [«

,e e ke
d;ifiauie 1t can accommodate a total [6)
_ S llthjum atom along thh 1ts 3
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Filled 0
(a) ' :

-
R

y Fig, 12,17
1or a small pigce of lithium metal co“m"'{ -
: ols differing in cncrgy by extrcmely smalll; ;

ergy band as shown in Fig, 12 15 (®). Sim?;:ﬂ :

i ider the electron occupan i
us consider PANCY of these bande

b ald be 2 % 100 = 200 clectrons occupying (e ﬁrgfﬂg

p WO n L-level of cach atom has one electron, itvish(;g

'(h'emaj blevel of Fig. 12,12
te sublevel §, « 12, . 1 A i (
to this § l (@ s half-filled j, i con
e, all the higher e S

uld accommodate 200 electrons. Of cours
has no electrons (o fill them.

saonds in Solids F
i/ALad are three Major types of atomic bonds created by the v e i
alau ICCL
‘ ~'_'““ | 2. covalent bonds, and i
| jonic bonds. cova S, an 3 W
e oo e S e
These bonds determine the electrical conductivity of the solid,  »
) lonic Bonds ‘
il --WOCCUT between two different atoms and are due O permanent 1
e glom to another [t 15 a very strong bond. Such bonds are fo
W satoms during the formation of sodium chloride (NaCl) crystals, >
1 oy
(i Covalent Bonds
These can occur between two similar or dissimilar atoms. In ﬂﬁg
more valence electrons between the two atoms each of which tries

&

ig: 12.13 depicts two ways of
s covalent bonding which occurs

conductor maternials like Si
¥ valence electrons have been
Rligure. As scen, cach retravalent
B8 one electron cach with four

om thereby completing its
BEITONS in its oulermost orbit
b 12.9) Such bonds can be
g sufficicnt energy to the
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Tt
1

(iif) Metallic Bonds
~ As the name indicates, such "~

o ’ ~ bonds, exist in metals and their al- & "' L
- loys. They arise due to sharing of

[ " variable number of electrons by a b

o variable number of atoms. It has been f"': *.}
: found that in metals (like Cu), each %."

5 : ~ atom loses its valence electron at q
y ' room temperature and becomes posi-

A - tively-charged ion. These free and
mobile electrons form a kind of elec-

Ry - bound to any particular atom but freely move

about from one atom to another. In fact, high
- electrical conductivity of metals is primarily
- due to the easy availability of such free elec-

Eﬂ?u\’dence ond Conduction

trons in the outermost shell of
d valence clectrons, They have
gy v-thqu‘gh their orbital en-
i§ these electrons which

' 2 number of atoms are

Fig. 12.13

0—

=X £ 43 4

Metalic bonding, showing metal ions and sumo
electrqns

tron cloud or gas which permeates all atoms. In fa

: ¢L, one may look upon a metal as cons
array of closely-packed positive ions immersed in

a sea of electrons. These valence e _

Band energy —»

Conduction Band

ke ™o LU
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only we U
. This band lies next to t

nding petween two neutral

ted by a gap known v o M in |

on band are separd : as forbidden energry
uctio the valence band, take it across the gap and Pﬁf’il‘?i?n :
Y A 'LI i S

con

nffom
20 conduction in Solids

i flow oceurs in 2 given maerial when a voltage of suiat
causes the charge carriers w‘lthm the material to move ina des;
fue 10 one or both of Fhe processes i.e., electron motion and hole .tfa'ﬁs' :
I < in the conduction band are moved under the influence of the elect

cl"'ctfogwonage. They travel from the T T
'ncrg:;vellenninal of the applied voltage Conduction T4

electrons

~ pits positive terminal.
Hole transfer involves electrons in —Q_.‘—' — ._%,

" (e valence pand which (unlike conduc-
ns) are still attached to the

tion electro

atom. 1il;
. oo : s
In good conductgrs, current flow is Conductor
due to free or conduction clectrons only (@) /
L [Fig. 12.15 (@)]. There is no hole current Fig. 12.

PRI T T et

I i them (Art. 12.28). However, current ' » S e
I flow in semiconductors consists partly of electron current and
(g 12,15 (b)), T
Another point worth noting is that free electrons require much less en
~ them because they are already disconnected from their atoms. It is for
-~ lectrons have greater mobility than holes. SR

1221. Hole Formation and its Movement
b II:S explained earlicr, (he covalent forces of the erystal :_lat
"I an electron in the valence band gets sufficient energy, it
sPandenter the conduction band. As shown in Fig. 12.16 (@), SUPPX
departure of an electron. A vacancy is left behind in the valerl
e chfiin of events that follows is depicted in Fig. |

UPS into the hole at B and so on. In this W3
and a negative charge would have I

2

' A positive hole has moved fron A |
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aind only. No new
. is created if an existing :
~ holeis filled by a free electron (@)
~ and not by one from the adja- Fig. 12.1¢
~ cent atom. 4 ¥
To summarise the above, it may be repeated that

L. conduction electrons are found in and freely flow in (he condugr il
2. holes exist in and flow in the valence band, 1on ban
3. electronic:current is in conduction band but hole curren
4. conduction electrons move almost twice as fast as the h

€n 3
oles. € bz

g,
12.22. Conduciors, Semiconductors and insulatorg

e electrical conduction properties of different
clcment\skand compounds, can be explained in terms of
the electrons having energies in the valence and conduc-
tion bands. The electrons lying in the lower energy bands,

which are normally filled, play no part in the conduction
process.

(a) Insulators

Stated simply, insulators are those materials in
which valence electrons are bound very tightly to their
parent atoms thus requiring very large electric field (o
remove them from the attraction of their nuclej

Bt In terms of energy bands, it means that insulators
' have

1. full valence band,
2. an empty conduction band, and

3. alarge energy gap (of several V) between

: them.
| i » This is shown in Fig. 12.17 (a). For conduction
R W, to take place, electrons must be given sufficient energy
o jump from the valence band to the conduction band.
- Increase in temperature enables some elec

23000 | s
e reacy

trons to go to

Electrical cable with three |

ient of resistance of insulators. By placing a rubber or pla
(b) Conductors sheath around a good cone
O fee clestgns S LC0El are those in which plenty 0,02 PRS - slechicieg
of free electrons are available for electric conduction. e

energy bands, it means that electrical conductors are those which hav
ﬂf»fﬂc‘twn‘bands as shown in Fig, 12.17 (b). -
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@ 0)
R Fig. 1217
e oint worth noting 1s that in the a
§ A"od;g,imre to estab}ish holes. The tott;:? s .
”mf«f‘is nOIt . exactly for this reason that the eXistence ot -
g W“ops;s were studied thoroughly. oles v
uct0 Semiconductors
.conductor material is one

setlﬂl.‘;al properties lie in between gggnper *

ors and good conductors.

ermanium and silicon.

ExalﬂPm terms of energy bands, semicon-

pbe defined as those materials
n gt O temperature have |
which ,panially~ﬁlled conduction band, e -
. 2: pm,ﬁauy-filled valence band,and  Current moves fhmu:!:?ﬁ
3. avery narrow energy gap (of the ol
order of 1 eV) between them. : -
At 0°K, there are no electrons in the conduction band of se .-.:., du
pand is completely filled. It means that at absolute zero temperature, a piect
'perfect insulator. However, with increase in temperature, width of the fo
decreased so that some of the electrons are liberated into the conduction |
ductivity of semiconductors increases with temperature. It theans that t‘fmy h:
coefficient of resistance. e
~ Typical resistivities are of the following order: R
. Conductors 10 Q-m > o
- Semiconductors 1073 Q-m ' L
~ Insulators 1072 Q-m

- 1223.Types of Semiconductors
~ Semiconductors may be classified as under :
e Semiconductors

ent

B

e
wgzs:of insulat
o ples are * 8

Intrinsic
or
pure semiconductors
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‘ ."-J:",F",!_Kv" & r:v%;ml,- O1 the S¢mic ond

s,

“small energy gap from the valence
owever, it is worth noting that for
o conduction band, a positively-

‘ "intrinsic semiconductor at a temperature

ebndhction electrons move to the anode and

iv{:llcncb band move to the cathode. Hence,

or current consists of movement of electrons and

! pf:_asite directions in the conduction and valence
ospectively.

_-; ~ Alternatively, an intrinsic semiconductor may be defined as one n

' hol Which ¢h
conduction electrons is equal 1o the number'of -10 ev | *:
A ' 3 ‘Schematic energy band diagram of an intrinsic semiconductor at room temperagyy,

g. 12.18. Here, Fermi level* lies in the middle of the forbidden energy gap,

& L225 Exirinsic Semiconductors

Those intrinsic semiconductors to which some suitable Impurity or do

: . ; Ping-ag t
- added in extremely small amount (about | part in 10%) are called extrinsic of impuri e Lotl!
i lors.

B Usually, the doping agents are pentavalent atoms having five valence electrons (e
- antimony, arsenic, phosphorus) or trivalent atoms having three valence electrons (gallj ,;'i“
. uminium, boron). Pentavalent doping atom is known as donor atom because it donates or contei
- one electron (o the conduction band of pure germanium. The trivalent atom,
~ called accepior atom because it accepts one electron from the germanium at
do ping materials are called impurities is that they alter the structure of pure semiconductp
~ Depending on the type of doping material used, extrinsic semiconductors can
‘subdivided into two classes - &

g ’I\\.Ji’
1

" &L) {V~typc semiconductors and (11) P-type semiconductors. :
(f) N-type Extrinsic Semiconductor

Chis type of semiconductor is obtained when 4 pentavalent material like antim
e germanium crystal. As shown in Fig. 12.19 (a), each antimony atom form
urrounding four germanium atoms with the help of four of its five electron
uous and is loosely bound to the antimony atom. Hence, it can be
d to the conduction band by the application of electric field or in¢
mu every antimony atom introduced into the germanium
Without creating a positive hole. Antimony is called donor i
“type (N for the negative) extrinsic semiconductor.

 may be defined as the energy which corresponds
o their energies.
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Excess

(@)

1
—_

noted that by

& ..
2 one valence

e becomes
b &‘adonor atom € :
.charged 101 Bu.t it
| L7 art in conduction
mtk:s %rmly fixed or tied
, ;:rystal lattice.' ‘
w s seen, in addition (o the
ns and holes int.rmsncally
able in germanium, the

il

- pminFig. 12.19 ().

.,- below the conduction band. |

1

‘umand 0.054 eV for silicon.

]

& when traces of a
ity like boron (B) are
B€rmanium crystal.
58, the three valence
N§ o .boron atom form
With four surroy nd
#atoms, but one
| AComplete and
LBole as shown in

electron

¥ o memt;ry, the'student shoulg as
1 uctor” and with the N in ‘Neg

.ion of antimony greatly increases the number of cond
0 ain the conduction band is increased ang exceeds
W Because of this, Fermi level shifts upwards tow

[nterms of energy levels, the fifth
Jsually, donor level is 0.01 eV below co
~ ltisseen from the above description that in an N-

iycamiers while holes constitute the minori
()" P-type Extrinsic Semiconductor

Fig. 12,19

. "t TR
SOcCiate the ¢

ative Charge caprian

N-type Semiconductor y 1
P-type
In this diagram, current flows jn ’rhje of

antimony electron has an energy
( 1]
type semiconductor,

ty carriers.

n-type semiconductor
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Fig. 12.20
I

hich is called an acceplor impunty, CAUSEs as many pogigiy
hicl llﬂ' pmuc",g a P-()’m P for lhe ()5

+ boron atoms thereby

student should associate the letter P in ‘aeeapy
nd with the P in ‘Positive charge camer.

memory, the

1O Or' a
4 o(,mioonductor‘ conduction 1s by means of holes in the yales
, ’ﬂg'mjoritycarricts whereas electrons consutute mnority carriere
atration of holes in the valence band 1 more than the conccnlmﬂdq

1 li level shifts nearcr to the valence band [Fig lz'z(”b)'- }
! i W h()lc mo i v|~:'

madiately above the Fermi level. Conduction
band, the acceptor Jevel readily accepting electrons rom the valence band,

2.26. Majority and Minority Charge Carriers

i
%,

o

oA

LATTICTS are 1l

Ina pee of purc gcrmnnium or silicon, no |
’ ——— ure, some o[u” ort

223). However, as its temperature s raised 1o 100

hroken by heat energy and, as a result, clectron-hol
grated charge carners. They are also known o intry

pumber 18 quite small
1 IDLENSIC (0r pure) germamium can be converted
M‘ I W rimptmty which adds a large numix
' Rimber of positive holes— most of them be g (he added impunty b ol
umhe of thermally generated on.
il nnmber of thermally-generated electron (the companions ¢ i
: mentioned above)

DA C l,’ln’ll(.(.'(lM i\ ‘

wallv-available

O a1 type semconductor

holes 10 1t Hence, a B

]
et

i

l

Magrn,

¥

= Minar

ik
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; whereas holes are minqy;;
_pile Charge Carrigrs
B od in Art. 12.25 Pt Y
\tswistothepufeﬁeor T
..ﬁiﬁﬁ' The number of holes ' =~ =2
‘tB:’ yal to the number of
o atoms because each | 4
. contributes one hole.
: :_;ucb e a hole mOVes away from 5 . “
oY " gtom, the remaining atom L T Q- o
ftsP“ren a negative ion. Unlike the fores
bﬂ"",mesand free-moving hole, this
qobile ot take part in conduction
jon s it iS fixed in the crystal +

geeals. > '

bec;ce. In Fig. 12.22 (a), t.hese i |'- *'@
™ e ions are shown by circled e . -
ininus signs whereas free and mobile + o+ @

Jes are shown by uncircled plus
h'(;;n < Thermally- generated electrons
S:Nhi"h form minority carriers) are

ncircled minus signs. :
ghown by U g e il

Similarly, addition of pentavalent atoms Jike antimony to pure
a."f"

N-type material. The number of free and mobile electrons which are -
donor Sb atoms. Again, when an electron moves away from itg ar:;\? ~
tive ion. This ion being fixed in crystal structure, cannot take p‘;n in
1222 (b), these immobile ions are represented by circled plus signs w ‘ S
trons are represented by uncircled minus signs. The thennally-genemt‘ :
carriers in this case) are shown by uncircled plus signs. In Fig. 12.22 (¢)
both types have been neglected. Hence, the figure does not show the small
the P-type material or the small number of holes in the N-type maté{;gl

12.28. Drift Current in Good Conductors |

If an electric ficld is applied to an electron existing ina
"free space, it will accelerate the electron in a straight line from
| the negative terminal to the positive terminal of the applie
3 V01l§ge. But same thing does not happenin the case of electro
available ip good conductors. As explained earlier, g
;‘:‘d“Ctors have plenty of free electrons moving randomly
ne?tJleen the fixed positive ion cores. If no voltage is ap|
~ "OW of charge in any direction is zero.

”%‘l; o
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n = number of electrons per unit Volume of the ¢
sity (per m?)

A = conductor Cross-section (m2)

“lg:n conductor length (m)

Ea=sVi |

Nag [

Ondy,

" 2pplieq o
amoum of ¢
from Fig.
ne S€cong

g in any conductor ig given by the
Plane of the conductor. 1 IS seen
any plane P of Cross-section 4 ip.q
: = =nx (V X A)
N "_ ,;_?Clialge carried by them per second is = ¢ 5, A

~ Itrepresents the drift current.
el I=venAa
- Substituting the value of v, we get

I=neAp.e,E=neAp.e-‘[i

vV I 1
’?=7*2'[w,)
!
b 4

o 1
es'lstmty, pDF= Q-m

- conductivity, ¢ = nejL, esiemens/m
-Drift Current in Intrinsic
onductors '
of intrinsic semiconductors,
Movement of electrons
rection (Fig. 12.95))

V1 €lectrons and holeg 18
ractically half of

=env A+ epy A
T

 the unit of mobility.
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12.2.8 Dhibt Cwment  um Groed Coveuclion

l<'e(7 P&ims
e MC'tZLLS
o Poslive 1en<
o Free electrons due Jo
thermod em&)vﬁ dt
= [gﬂt.a, POi/ltS
Fixe /70iﬂh wheye 1905

are Premnt

Rampgom ym)fl‘c‘)’? 62( Qlééum-(

:f/mas, b/u) +Ve  1MNS
e~ diecleonn s wol  unlfom

Provide e/w\ﬁ»d o &
28

Fovee , ¢ accelevale
Ai/,s/)iwmwrié ; rdoal’z/
= D/u'b»t vdml?

The- \/Jﬂdﬁ ﬁaznwf 6(7 the elecron
when  being pushed wﬂfwméy by erternal
M? Zﬁwbdmwﬁevawﬂd
D’“b Y u/ﬁ

o Faed divection aé ¢
_, Relaralion »&7;7 o B o duwo colluons by
an eleel son witth,  +ve Lo
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., Dertvalion, o Drigt vaou‘ﬁ O

Eleclric /(éj({ ot Wt F

—
J = caovent  olensit a
Flpw % eleckrons e unit  avea | ! b
| 4 PR

| A - cassseilion frea
time  patewal by olictron Jo ciwx by @rfa

At -
£ - Extend Freld L= Lmy% IZ Corduclay

Eme At

L = \/‘)(AE
Velume = AxL - Ayat
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