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14. Semiconductor Electronics

Semiconduetors

The materials which have Comduchivity
and vesistivity  mbetween conductors and insuladors ane
called semiconducdors .
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Energy Band Theory of Solids

Accovding +o  Bohr's "H'Lun'g Hane axe well
olefined| ensagy Awels of electrons in an odom. Tg large.
Numben. of alems are byo close 4o one another to form
a crystad they begin do influence each ofhur. Duc to tis
ivdv:jﬁomic indevacton thene 48 Mo moolificakion in the
eneagy hwels of the electons in the ouder sholl bud
thixe 1 o consicnable modification n the energy Awels
of the elechons in the ouder shels.
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_ To undestand modification in envxqy levels of elechuns
Conpiden a Silicon c.vwfs‘h:d Cmfm'n;r\a. N ajoms.
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Silicon (si) adoms have fowr valance elechont (-e.
numbern o eltchrona in the oudermost orbit Aa 4. Therefore
the doted number of valenw elecchons in the crysted of
S 4N

(L) Th +he inksatomic spacing” of the Si odoms is Very
Loxge (¥=d),then Huae Jda no Interndomic inderacHon.

(i) When the inferadomic spacing v is Luys than o bud
gresder +han ¢, +hen Hhave 13 mo visible spliting of
energy Auvels.

(%) When the interatomic gpacing v .2 equal 4o C, the
anergy of oufeamost shel) decirons of neighbowedn
sSilicon ajomAi skt ckan%in% e the Aplih‘ng of these
energy duveds occurs. Whead Fhre ds no change in the
energy . Auvele ofy elettrons in +he fmner shells.

(v) When infeyadomic spacing ¥ les inbetween b and ¢
( by <), insteadl of a single 3s or 3p Luwel, we
%a longe number of closely packed Alwels. Whowe 2N

s wwupanding 4o a Single 3s Lwel and 6N levels
for a single  3p lwdd of an isolated atom. This Apreacing
Whydsreuukk:.um%ﬂ between ss
ond 2p Levels of free adom. ¥

This Collection ef closely spaad levels JA callud an
enevgy band-

(v)  When the indevadomic spacing ¥ becomes equal) 4o b
but greatey than a ( vy=bra ), +he energy gap behoean
3S and 2p levels Compledely disappers . Tn such a stuation,
at 3 not possible to didtinguish befween the electrons
belonging 4o 35 and 3p subshells. We can only say tnat
4N leveds ave filled and 4N leels are empty.



(Vi) Whin +the (ndesatomic spacing ¥ becomes equal ko
a (r=a) taen the band of 4N filleo energy Aurls
is separated from the bamo of 4N unfilled energy

levels by an UW:T‘ ca.UJ.d entagy bond gops
whdeh M olang by &

> 727 4N States

Filled

(V.B)

The Aower compl filled bomd Js called
volanee band omel the upper unfilled banol is Galled
CondlucHon bomnd. The mmimum en required for
Skqf.hn elechrons  fiom  valana boamel 4o Condychim

boand .Ab equal 4o enmgy band gap (E).

Difference. betwen Meduls (Conductors) , Tnsulators
and semiconduciors on the batds of Entrgy Boonds

Conductors (Medals)

In Ceonductors +he Conducon

and  valanca bcmct poxtly overlap ench ether. and Haare
iy no e gy S,n..b M between -

d B

Cendluctors Insudedors SemiConductors
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Semiconductors - )
———————— TIn semConducthirs e valonee band
id totally filled amd 4he Conduchon band s emply
bud Hee wangy gap batwen CovclueHen baned and
valance. band 4> quite small. Tt 4 A than 2 ew.

Ey for gehmamjum Ua o072 ev emd for Silicem it 44 ey,

\
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Insulators ~ %
N bauwdodors Hae enengy gap iy quite
{Ey > 3ew). Dur Ao Llarnge op No elechon
is able to from  the valance bond Ao Hae Conduchion
band . Hence ~ electvical comduchon In Haese maderdals
oy 1mposs‘|ln\e omd 'Hu..a Lehave aA imsulodors.

At zero kdwin temperatune  semicomoluctoy behaves
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INTRINSIC SEMICONDUCTORS

‘ A Pure Semjamducdor cohich U4 free of eweny
mpwaty 1 called indrinsic semiconducior.

Examples - Silicon ($1) and Germamnium (Ge) .
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Both the adoma (Si and Ge) have four valance electrona.

The four volanee elechomt of a avcmq-nium odom
form  fowr Covalint bands by &hwd*na Hhe elechons
oj r\dawbowdna fownr avumonium atoms.

The ™Minimum “nngy vequived o break a cevalent
bond 4 072 ev for Ge omd L.l ev for gj. At yoom
temperature whon an electyon breoks awoy from a
Covalent bond , the emply place or vacaney Lt in
Hae bond 18 called a hole.

Whin an extomal elechdc fleld 3 applied,
tHhgre free eluchons omd holes move in opposi ke
olivechons anal Covuhtule a cwwunt. The number
o f-rca elsc,ho\(\})’onf)d holes axre exactly equad in
an Indrinsle  Semitonelucdoy.




Alse the Conducdivity of indrinsic semicomoluctor is
verd Low. The hole da Comaloltrao| as an acHwe parHele
N e valance banol , having a positive charge equal
to that of on electyon.

E‘m Doyina i a process of addition of
olesivable [mpurity afoms fo @ pure semicemoluctor Ao
moolify uts properties in a Contvolled manner. The impurity
atoms added are called olopants.

Doping o} a Semiconcluctor Increases s electneal
Carducﬁw{yﬂav a great extent.

Methods q‘ o'opirﬁ

(1) Add the impuwuty afoms in the mut of Semiconolucior.

(ii) Implant oclopant atoms by bombah,ina Hhe Semitorductry
with +hay Lons.

(i) Heat the Semicorducter in afwosphere of dopant atems.




EXTRINSIC SEMICONDUCTORS

A olopee] semicemductor oy a semiconductoy c.n#.
Suitable impurity atom added do F ia Called extrinsic
semiconcluctoy .

(L) n -type Semiconductor

When a puw semiconclucdor of silicon (si) ov
Geymenium (Ge) 1 oloped with pentavalint afoms which
have five valance electroms (Phosphovous, Arsenic, antimmy
oy Bismuth ) tHaen F s colled n- -Lrpe SamnCmndwC)oY

The four of the fve valance elechons of the
i w..«tj atoms wlll form Covalent band with Hae
aolJomnrg fowe atoma  of the silfcon , while +he kifth
electron” Us free Fo move. Thus ench 1mpuu,kj atom
added olorintes one Free electron to the crystal: These
impuxity atoms arxe colled olomey adoms.

Simee Hhe Conducton o elcdruu-l:j i oluc
to the molion of electrons ( t-¢. negodive ¢ es), so
Haat +Hhe T-&Auihna seconsluctor 43 Calle -tye
or oloney Iype Semicondu cfor

,@'@.t@'

)
= S \Donon
_-.@ff...’.- ENERGY
i STATE
) 1 I
J
DO C aC W TEETE
3’----@' I C R S\ R

SO\

Tn n- 'Eypa Semitanductors electyons ane majority
Cowwiers and huoles Qke minority Caxxiens.




(1) P-type Sem Conducdoy —

wWhen  a puxe semicomdluctor of silicen (si)
or Cermanium (Ge) i3 clopeol with & Centrolled amount
o}y trivalent atoms ,which have three valance electrons
(Bovon, Aluminium, Gallium, Indium) Heen ot 44 Called
P-t4pe sernienvelucior:

The +hree valance elechons o} the |mpwq:hj
adem  will form Covalent bonds with +he qoﬂomma Hharer
ajowd of germanium (Ge) , While Hhere will be eme
intomplete Covalont bond with a ’ndahbowdr\a Gie adom),
s olificiency of an electron creates a ‘hole’
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e Conducton ol elechricily occuns olue 1o motion of [
holes (i-e- positive clnraes) ,Se the -msubhna Aem) conducior
is catlid p-type o acceptor type semiconducor.

Tn p—b1p¢ sem)tonoluctor e)echbM [e793 mmcmt/
Cotiert andl holes axe mc:’onbj Cevriehs.




Intrinsic Semiconductors

Extrinsic Semiconductors

Semiconductor in its purest form.

Semiconductor in its impure form.

It has low conductivity.

It has a higher conductivity than an intrinsic
semiconductor

The band gap between the conduction and
valence bands is quite narrow.

The energy gap is greater than that of an
intrinsic semiconductor.

Fermi level can be found in the forbidden
energy gap.

The presence of a Fermi level depends on
the type of extrinsic semiconductor.

Temperature alone determines electrical
conductivity.

Electrical conductivity in a pure
semiconductor is affected by temperature as
well as the quantity of impurity doping.

Pure Sliicon and Germanium crystalline forms | Impurities such as As, Sb, P, In, B, Al, and

are examples. others are doped with Germanium and Silicon
atoms.
N-type semiconductors P-type semiconductors
N-type semiconductor is obtained by P-type semiconductor is obtained by doping

doping and intrinsic semiconductor with
pentavalent impurity.

and intrinsic semiconductor with trivalent
impurity.

Here electrons are majority carriers
and holes are minority carriers.

Here holes are majority carriers and electrons
are minority carriers

It has donor energy levels very close to
CB

It has acceptor energy levels very close to VB.

When the temperature is increased,
these semiconductors can easily
donate an electron from donor energy
level to the CB

When the temperature is increased, these
semiconductors can easily accept an electron
from VB to donor energy level .




P-N JUNCTION
when o p-tﬂx_ semiconductor crystal ,i.xjoine'o{

with an n-kype Aumiconductor crystal ,Haen the vesulding

ahhanaunm:f‘ iy called a p-n junchon or junchon diods.

Foymation o} PN-Junchon —

To make a P-n junction ,the ntype amd p-type
silicon fals are cut fwdo thin wafers. Tf ona wafer
af n-type silicon , an alummium £ilm 4 plced and
heated o a Uﬁ%\ tempenature s80%c, aluminium diffuses
ino silicon and a p-dupe Aemiconductor is formed on
an n—{ype_ Aemitoncluchoy: Such q formadion of P-)%q'on
on n-naﬁ'tm A callsd P-n junction,

Diffusion and Drift -

When P-n JuncHom s formed due 4o clifference.
N Contentyation o d\wﬂa sniers M two regions of p-n
Junction, the elictvons jrom n-region oliffuse Haro
the junction into p-region and holes from p- region
diffuse info nrnaion. The moton of C}\qﬁ_ﬁg Carrers 3"&5
rise to diffusion cument across the juneHon.
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Due +o diffusion of elechons and holes a layer of
positively chargeo| donor atoms in n-vegion and a Llayer of
neaaﬂvdl charged acceptor afoms in p-vegion are created.
This positive amd negative space charge regions on both
sides of p-n junchon wil fom a regim wlich has
tmmobile lons and 44 called olepletion yegion.

Dur to positive anol nesakive Space ch region
at p-n junchon, an electnic ﬁé:j‘u Zup a?gzs ?—’m
Junehon. Due do s electric  fiekd oluveboped at Hhe
junchion jan elechon on p-sile of +he junction moves +o
n-sidk and a Aols on m-side of junchion moves +o p-
siole. of Junction.

The motioxl of these Charge carriers ol
Ao electric field 4 Called orift. As a vedudt of it,a dvift
cwoeent stands, which 14 opposite v divection 4o +he aliﬂm'on
Cushent -

Tn the begining the diffusion Curvent is
but drift cwvunt 3 small- As the liffusion process conti-
hues , the strength of electvic fleld across Hae junchon increases
and thaeby diift cwvent increaser. This process condivues
until the oliffusion cwwent becomes equal Ho the olrift
current. Now the p-n junction s said +o be be in equili-
brium Atate and thrr 48 no Curvent across the pn juncion. l
(

At this Afage, the potentia) bervier acvoss Hhe junchon has
maxivum vajut Ve, Now fhe movement o} ﬂmjm'@ chaze
Carnies acvess Hhe junction stops amd the potential ac
as a barrier, henee Known as potential bavriex.

At room tumpenatune (200k) Va b alout 6.3y

fox Ge omd 0.7V for Si. The vadue of Va increases with
vise in tumperature for Ge and Si



BIASING OF PN JUNCTION -
Theve axe two methods of biasing the pn junchon-
(i) Fovward b,‘asing (i) Reverse biasirg

(1) Forward Biasing !-
A p-n junction is Said do be forward biased if
the patitive Aerminal of the external battery is Connected

to p-sicle and the rnegative terminal to the n-side of
P-n junction.

oo
I.
B

Tn Aforward biasing the foward opposes the.
potential bq:’):'oier Vo. As a?rwd-f of it M(:“:Jq;:} bfm'er and
widdh of dipletion layer clecreases. The effechive value of
potential barrier in forwand bhs}na Is (Ve-V).

(2) Renvevse Biasing i-

A pn junction (s said o be reverse biased If
the pesitive ferminal of Hw external battery is Connected
4o n-side and the negative derminal do p-sicle of +he
pP-n junecton.

In reverse biasing the veverse bias veliage supports
the potentemtol bawxier “Va. As a vesudt of J bawrier
potential ond width of olepletion region Imecreases.




The effective valur of bavriey potenhal undex
veverse bias 4 (Ve + V).
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Tn Teveehe lo?wsing, Hiexe 43 no Conduction acvoss
the junction oluc fo majority cawuers - However a fen
minokity Cosniers of p-n junction eliede cyoss +he junction
ofter being accelerated by high veverse bias voltege - Th

conutitute a cwsent which s Calliod veverie cuyrent o?’
leakaﬂe Cwsand

CHARACTERISTICS oF PN JUNCTION DIODE
(i) Porwand . Charactenshics -

On plotting a graph between forward bias voltage
and forward cusrent we get the following graph.

Forward
Current

} »
0 Threshold Vokegs
Voltage

(for silicon dlodes Vm = 0.7V)
Tt 4 found that bbl[dﬁd forward voltege V =vi,
Called knee voltage 03V for Ge and 07V for Si)the current




thvough +he Junction stants i_ncrea,siv\a vaploly PRYET
Voltege and zsk.owr'ng the L«'neqr‘ voriation. But ba_hu)
the Knee voliage e variakion m Curvent is negua.m
omd Hie cwme A mon- Linear.

(i) Reverse Characteristics -

On plotting @ gmph behwesn veverse bas Voltage
and rewoe Cuwveumt, we get the reverte characteristics as
Shown in fig. From the cuwwe we mote that in Teerse
biasing op P junction , the cwouwnd A4 very smald (& 4A)
ond 43 indepenclent en voltoge upio Cerdain reverse biaa
veltege , Known as breakolown voltage -
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It the vewwuse bias voltege exceeds the breakeom
voltage the vevesse cwoumt through the p-n junchion will
increase abwuptly. Th Huis Quwvasd exceeds the vated value
of p-n junction (specified by manufacturex), the p-n juncion

will 8(,{ damagea!.

(



PN-DIODE As A RECTIFIER

Rectifier 4 a device which s used for Convevhna
ablvmd.ma cuwnnt /voltege trdo oliveck W/Va}-hﬂ

TRere ame two Rypes of rechfrer-
(1) Half wave rvecHfier i) Full wave RecHfter

(1) HALF wWAVE RECTIFIER -

A-C. vol 4o be vechfied 13 cennected 2o
the. paimary winding AP, of a Skepcdown transformer-
SiSa L fhe secondany coil of dhe fransformer. S, JA
Connected 4o +he po't:hon P of the p- nJuncbon S, 4
Comnected to the poition n  thio .Loau{ resistonce R.
Oudput 4 taKan acyoss Hae load resistance R,

> x Tm m :1,
oo

INPUT
VOLTAGE

® ]
AAAAAAAAAA

L
OUTPUT
VOLTAGE

WORKING -

_'Dwung, Po&l'hvt_ haljy :1‘ e of A-C., Suppase. Sy
become_s poA:-Hve Sa becomes negative and 'H\e pn junction
44 forwaxd biosed . The ml,shnu of Pn junchon becames
low . The maximum foxward curcent flows iv the civewit
ond we f 2 owtput qcross - Load-

-Dbuan neaai:lw_ ha.tb cle of AC. S, becomes
negadive and S-:. ds posrtive P-—n Junction is rewerse



biased . Tt offers high vesistance and hance there -3
no flow of cwsent amd +hus no output across Load.

Hence (n the oudpuf, we have current Correspon—
cing o one hally tycle of the wave and the olr
L\MZ J& missing. That s wkg e process J4 Calleo|
hedf wave rechification -

(2) FULL WAVE RECTIFIER —

For full wave rectificakon , we have to wie
two P-n junchHon dlodes D) and Do The civewdd s
Shown  In Hhe Fiven fig-

+ o +
P St Py
TPUT Y
S e
R
D:
Pz* _Sz » P:

WORSING. Duking the positive halfj cycle of A< +he
cioole Dy b foxward biased and the oliode Dy (s reverse [
biased. The forward currend flows +arough cliode D, in
the clirection as Shown in fig:

During +he negative halfy cycle of AL, +he
cliode D, aa mer:e.g bl‘abedg:ﬁd Hae d.«":?d.t. ’Df is forward
biased . The fovward Cuweent flows -Hm:u.g). iode Dy We
Obsexve thad cuvivg both the half eycles of A.c., Cunent
thvough R flows in the same olirection.
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INPUT
VOLTAGE

' | 1
Dueto | Dueto; Dueto; Dueto ;

Dy y D2 D D2
| 1 1 '
(

TIME

>

QUTPUT

VOLTAGE

b I ' '
I 1 |
| 1 1 1

_ Hence the owtput S"dfnod Voltage is
Aavin
Components

| TIME

unidirecHonal

ripple  Condents (i-e. cle. components omd a-c.
voltage). It Can be converted info dec.

voltage by JCsHuing thiough a fitker civewit -



Q1. The energy gap of germanium is 1.28 eV.
What is the maximum wavelength at which
germanium will begin absorbing energy.

. . hc
Solution: Using 7 =
o he _6.628x10™ x3x10°
h E 1.28x1.6x107"
=12.33x10"m

Q.2. Pure Si at 400K has equal electron (n,) and

hole (n,) concentrations of 3x10°m>.

Doping by indium, n, increases to
6x10*?> m™>. Calculate n_in the doped Si.

Solution: In thermal equilibrium, 7.7, =n;

n’ (3><10"5)2
.. ’1(:—:—22
n, 6x10

=1.5%10"m™

Q3. Why Carbon acts as insulator while Silicon
and Germanium act as semiconductors?

Solution : The four bonding electrons of carbon,
silicon and germanium are present in the second,
third and fourth orbit. It results in the comparatively
higher ionization energy for carbon and least for
Germanium. Hence, the number of free electrons
responsible for conduction is significantly more in
Germanium and silicon as compared to Carbon.



0.4. Find voltage across resistor, across diode and
current through diode.

~Si
L
8vI £ 22kx0Q
2
Solution: VD = 0.7V
Vg = 8V — 0.7V = 7.3V
T - S
"™ " 32x10°
=3.31x1074

Q.5. If each diode forward resistance is 50 ) then
find current through the 100 < resistor in
the given circuit.

D, 150 Q2

o 50 Q
6V  100Q
BV

Solution: The diode D, is forward biased but diode
D, is reverse biased. So no current pass through
the diode D,.

Current passes through 100 Q resistor

6

=—-———=0.02A
150+100




0.6. A source voltage of 8V drives the diode in fig.

through a current-limiting resistor of 100 ohm.
Then the magnitude of the slope of load line
on the V-I characteristics of the diode is

T e
T

100 ©2

Solution:

.7.

Solution:

If 1 is the current in the diode and V is voltage
drop across it, then for given figure,
voltage equation is:
(Ix=100) - VvV =28
I=(1/100)V+8/100 =(0.01)V+ 0.08
Thus the slope of I-V graph is equal to
1I/R; = 0.01

The I-V characteristic of a P-N junction
diode is shown below. The approximate
dynamic resistance of the P-N junction when
a forward bias of 2volt is applied is

2 2.1 V (volt)

The current at 2V is 400 mA and at 2.1 V it
is 800 mA. The dynamic resistance in this
region



AV
Ai

(2.1-2)
(800—-400)x107*

=0.25Q

0.8. If the following input signal is sent through
a PN-junction diode, then the output signal
across R, will be

10V 4D
PN
O V=g e % R.
—-10V

Solution: When input voltage is -10 V, the diode
is reverse biased and no output is obtained. On
the other hand, when input is +10V, the diode is
forward biased and output is obtained which is
+10V. Therefore the output is of the form as
shown in the following figure




