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1. BAND THEORY

t:
;. Introduction

Based on the electrical conductivity, rnélcllizils can be divided
iato three types. They are - TRt vige

, (1) conductors (ii) insulators and ‘(iiiﬁ) semiconductors

Those material which have plenty of free electrons and in which
(hese €lectrons can move easily from one atom to another are called
conductors: All metals are good conductors (ex) silver, copper elc
WIVH}I of a _:ggood conductor at room temperature will be of
the order of 1.7 % 10" ° ohm-m. -

.. “Those material which have few free electrons and in which
electrons are ‘tightly ‘bound to the nucléus.dre: c’alléd insulators.
Examples are: glass, mica, plastic, rubber, air efe. The resistivit

an insulator will be of the order of 7.5 % 101 ohm-p.

. Those material whose resistivity lies between that of a good
conductor and insulators are called semiconductors. Examples are
germanium, silicon etc: The resistivity of a semiconductor will be of

‘hW’z’to 10.0 x 10> ohmem. ©
~ There is some difference in the electrical properties of 2
" semiconductor and a conductor. WW”W‘C of a conductor
| iconductor, the

incteases, its resistivity also. increases. But- in _a. sem ‘
resistivity decreases as the temperature increascs. Hence conductors
have a positive temperature coofficient ‘of” resistance, but

of €0 «ant of resistance.

semiconductors have negative 1empe

Moreover, the electrical conductivity of

. affected by even’'a very minute 2 s _

TS i e . & » oo oo explanation

.- The ‘existence of electron energy Vet s antwopways to
of electrical conduction in the solid state: There 21
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consider how encrgy bands arise. One way is based ¢ dio feld of
mechanical treatment of the motion of electrons in a pen® . way of
positive ion cores in the solid. There is also mmll‘c)“:f <
developing the concept of energy band that uses the &

molecular orbital theory. We will discuss the second way-

b. Theory of Energy Bands in Crystals.

In an isolated atom, cach electron is characterized by
four quantum numbers n, ), m and 5. Acconding (o ““,,1 ve
A - P - gan ha
exclusion principle, no two electrons it any particular nmmq'ﬁﬁ?ﬂ
the_same set of four quantum numbers. So_an energy stale “ d by
by a set of three quantum numbers.(n,  and m) can be oocupi€ um
only two electrons. These clectrons differ Jin the fourth quan

number + or- m > HAp SlowiB v o
1In an isdfated atom\these cpergy States are discrete. This idea
of an electron possessing discrete, energy holds good in the Case of
g3s. In gases the different atoms are separated sufficiently from one
another.  So they have got very little influence upon one another.
1

Therefore, the discrete energy possessed by an electron in a single
free atom, may not be possessed by the electron in the same atom
“inside s orystal. But-the inner electrons-are not very much affected
by the presence of neighbouring atom. So the cnergy level of the
inner electrons will be changed only by a negligible amount. But the

outer valence electrons fake part in the chemical bonds. Hence the
energy of these electrons are greatly affected.

a set of
[’;]uli's

Consider, for example, two hydrogen atoms. Each atom has a
single electron in the 1s energy state.  When the two atoms are
brought together, according to the molecular orbital theory, a more
stable molecular orbitals and a less stable molecular orbitals are
formed. Thus when two atoms are brought together, for each energy
state of the isolated atom, a more stable state and a less stable states
arc formed. If N atoms are brought together, N new energy states
are formed for each energy state in an isolated atom.

n 2 crystalline solids, the atoms are situated close to onc another.

.3
In the casc_of crystals, N_is_very larpe_of the order .“: ::’7_.1?"
em®. “Therefore, the enerpy levels are also very lﬂlu’-l"""v- “'111":
very close to each other, The large numberofl discrele, but very. clase

7 . enerpy ban ceupied by
. energy sublevels js_an energy-band. The cnergy band occupicd by

- t may be either
the valence clectrons is called_the valence band. It may

- il . - M ele can never be
complefe]y ~Tilled or partially filled with clectrons but
empty.

When the temperature of the crystal is raised 01" m; Cl".‘-r"j:;(::;l,:
is applicd 1o it, a valence clectron in the valence m"][“] :":.c}(-l.cc(mm
sufficient enerpy. So it will leave the valence banq. -1..1 ,"S o
which have left the valence band are called conduction ti,lt.cur‘on__ i,nnd.
band occupicd by these clectrons are called the c.um. uzh ;m oy or
This band lies next to the valence band. It may cllh:’r “t“'{lx;w“'
pantially filled with clectron. In fact, it nmy’bc dcﬁ':;d;dmm ey
unfilled energy band in an atom. In conduction b:m"J > et § Wiy
freely and conduct electric c‘uh'(‘l‘ll through (he solid. That 1s W

The valence band and i :m.d arc.sf‘ﬂi:};.ii‘liﬁz
gap known as forbidden energy gap. In lhls‘rcg,m,cvcr i E
allowed state for an electron. Therefore, electrons ;:cmv;]cnoc i
this forbidden gap. An electron may move from AN e
conduction band and vice versa. The width of the forbi ot
gap .is the cnergy difference between the bottom of l'hc con o
band and the top of the valence band.

c. Distinction between conductors, Insulators and
semiconductors

The difference -between conductors, semiconductors and
insulators may be explained on the basis of energy gap bclwr:cn the
valence and conduction band. Fig 1-1 shows ll.lf! energy gap diagram
of (i) an insulator (ii) 2 semiconductor and (iii) a conductor.

(i) Insulators : The energy band structure of an insulator indica!c'd
schematically in Fig 1-1 (a). In this, the forbidden .encrgy gap E‘ is
very large. In general, it is more than 3 ev.. For a diamond (carbon),
the energy gap En = 6 ev. This large forbidden band secparates the
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filled valence band from the vacant conduction band, Hene,

large amount of energy must be supplied 10 a valene,
enable it to move to®the conduction band.  An epe,
magnitude cannot be supplied to an clcc'lr({n in a cryspy "0[ thi,
diamond, conduction is impossible and il is an insulage, in
insulators to conduct electricity a large electric ficld of lh;: For the
0% v-m~! is necessary to shift the clectrons from the vy, « er o
%o the conduction band. Tice p,
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(ii) Semiconductor : A substance for which the width of the forbidden
energy gap is relatively small (- 1 ev) is called a semiconductors.
The most important practical semiconductor material are germanium

—__and silicon. At_O K, the energy gap E, for Ge is 0.785 ev and for
Si is 1.21 ev. Energies of this magnitude cannot be acquired from
an applicd field. Hence the valence band remains full and the
conduction band is empty. Therefore at low temperature the material
are insulators. -At higher temperature, the conductivity of

semiconductors increases. These substances are known as intrinsic
semiconductor.
When the temperature is increased, some of the valence elecirons

acquire thermal energy greater than E,. So these electrons move from
valence band to conduction band. 'These are now free electrons. SO

5
Y e or s g o
e insulator 0% become i ghtly small applied field.
miconductor. The abrence of ap ¢, _mndw:tmg, it is 2

f holes is created |
gumber © reated in the valence 1
conduction, under the 2ction of an electric f; algd In the process ‘of
o hole 10 the next. Thus Ge and S ;‘hl::Ch clea-xons move from
: , are
(emperature, becomes 5}1{;}1!1)’ conducting when lhlensltl:o;s " lov.v
increased- The conductivity increases with the chnperam::c e
(i) Conductors : The band structure of 2
¢ " crystal ma ntai
forbidden encrgy g2p- So the valence band merges ily:noo:n :lmf:o
pand s shown in Fig 1-1 (c). Unrder the influence of an app!Fi’cfi
clecmf: field, the electron may acquire additional energy and move
into lughc;r energy stale. Since these mobile electrons constitute a
current. Since these mobile electron constitute 2 current, this substance
is a conductor. The empty region is the conduction band. A metal
is chamdcn?cd by 2 band structure containing overlapping valence
and conduction bands.

2. SEMICONDUCTORS

Semiconductors can be classified into two types. They are,
i) Intrinsic or pure semiconductors. and

ii) Extrinsic or impure semiconductors.

Extrinsic semiconductors are of two types. They are

i) N-type semiconductor and ’

ii) P-type semiconductor.

a. Intrinsic Semiconductors

When the conductivity of 2 semiconductor is solely determined
by the thermally generated carriers, the semiconductor is called an

intrinsic semiconductors. When 2 pure semiconductor is kept
Iv filled and the conduction band

at O K, the valence band is complete 1 bal
K. 2 purc semiconductor behaves

is'completely empty- Therefore at O
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i as an insulator. On the otherhand, when a pure S o B0 Tree

h. “;‘I al'moxfnllcp_lgcmlﬁ, some of the valence ﬂ"‘ﬂ‘qr}? ﬂc bang
4 energy, jump into the conduction band and p;-co{“‘"l : yalanc =

d in e -pand are

/ -electrons are produced. The vacancics forme Jucli &
—— — o lie coN qude to
into - mag!

; “ when some of the valence eleciron jump T I
I8 called holes. A hole carries a positive charge equal =l electron
the cl_gslmn charge. The number of thermally
always equal to the number of holes. Juctor the

jcol
When an extemal voltage is applied (0 the semic ¢ clectron
—(owards

‘,‘,' clectrons and holes move in the opposite directions: oV
;%——-IHQYQJQ.WHMS the positive electrode while the holes
i the negative electrode.

g(’llf

- . onductors,
—— 7z Germanium and_silicon are the two important S,cm.lcoy.qblc and
} These substances belong to the IV group of the periodic

f==——=——have four electrons in the outermost shell.
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> Fig 1-2
Each of the four outer electron forms a bond with onc electron
of ‘the nearest jicighbouring atoms. The covalent bond is represented
in Figl-2 by.tWwo .‘Q}isﬁcd line which joins each afom to each of its
neighbours. At fbsolute zero ture-intrinsic-semiconductors
béhaves as a petfect insulator because at 'this temperature. {here js no

Iree electroii; 1o act as a charge carriers. This is so, because al] the

7 ’
shown in Figl-2. So there js

bonds of the molecules are intact as i semiconductor behaves

10 free electron for the conduction. 5S¢ the 5¢
as an insulator. (ficient to b

is sufficient 10 brea
As temperature increases the thermal cl;crgfc‘:(mm The ﬂbSﬂlC:
AT B 3 rec the 3
more and more covalent bolﬂ_fﬂ,",d_’fl.f- has a positive charge and
of {li¢ ¢leciron is called a hole. A hole ;'1' lectron.  So_in a
hence bel itc to that of an ¢ - e
have exactly oppost .

s en. We get two
semiconductor for every covalent bond that_is brok £ gel g
g J as shown in Figl-3.

carriers of electricity—Theeletirofi and holes SIS
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Figl-3.

Thus at room temperature, a semiconductor has two types of
charge carriers (i) the ¢lectron (-ve) and (ii) the hole (+ ve). Ifadc
voltage is applicd across a silicon or germanium at room temperature,
the electrons will move to the positive terminal and the hole towards
the negative terminal. In an intrinsic semiconductor, the number of
free electron is equal to the number of holes.  The condudtivity
increases with the increase in temperature. In other words, the
resistivity decreases with the increase in temperature. The pure or
intrinsic semiconductor is not of much use because jts conductivity is

a function of temperature and cannot be controlled otherwisc.

|

i
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b, Extrinsic Semiconductor

minute amount of impunty 1S added t0'a pure se,y.
its w"n:n( conducting property 1S al'lc:d zg’lmable- ] Sgnﬁm:::“%r'
belong 1o.the group IV of the periodic. table. The impyp;, Moy
are added to the semiconductor are elements belongmg 10 the i‘l,]ih'j'ch
1V group of the periodic table. Thero ate two types o . Lang
semiconduciors. They are (). Nu-type semiconductor ang G
semiconductor.  If the elcct\ran—s—:rc’ex_cesm

n T ed
semiconductor and if the holes are in excess, it is calleq P}:

eﬁjﬁi;aQ- 
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Fig 14 ‘
— (i) N-type-Semiconductors: —Semiconductors generally:j_ekmg 10 the
IV group of the periodic table. Hence it Will have 4 electrons in the
oufermost orbit. Lef us consider a small amount of impurity such as
arsenic _or “antimony which belong to the V group of the periodic
table is doped in the germanium atom. The amount of 1mg)unty added
_is extremely small say 1 or 2 atoms.of impurity for 10 ‘germanium
atom. ‘The impurity electrons while germatium has
four. Four of the five valence electrons of the impurity atom’form
Covalent bonds with neighbouring four equidistance germanium atom.
For the fifth electron of thé impurity, there is no place is tge‘mwlex}(
bond. Hence this extra electron _is free to more. This situation is

9
sented in the Fig 1-4. Due to doppin
rd":’ od with the liberation of a free elect

& of impurity, a hole 45 not
dca‘cﬂo aductor.  Also the overall crystal

TON a5 in the case of intrinsic

Structure is not aj

. B \(

S ety s o
8 purity atom that is added; oné extra carrier s ‘mmﬁm&
lm(/hiS one free electron isdonated by he Tmpunt stal.
"

= Sty iS called donor impurity. PRnty and hence the
im|

If we apply a voltage across this germanium crystal,

k the. free
glectrons Will move towards the +ve polarity and constitute an
o irical current.  Hence these material is called

P . the N
o miconductor. In this, the number of electrons will oy -4

g . tnumber the
pole and hence the current is mainly due to the electron. Hence in

_type semiconduct nare ority carrier of charge
?n yt hole is called the minori rrier of charge.
bd --—— e —_— .
XTI,
\

-

!
[ \
1
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Fig1-5
(i) P-type Semiconductor: When the impuri ent of group I

like indium, gallium or aluminium is added to a semiconductor, there
isTan opposite effect upon the lattice structure. Now the impurity
indium with three valence electron in each atom takes part in the
covaleni bond structure of germamum. The fourth bond is left
inmmpmmﬁg\l- 5. The broken covz\l‘:‘,"lrﬂl
bond constitutes the hole in the semiconductor sense. This hole W

-
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0 with three

] :
- ourity 897 impurit
i be free to move about the crystal;. The 1mP“nynw {his iMPUTy

valence electron will readily accept an electron:

is called the acceptor im urity. charge
p p ole (¢ ve )

In P-type semiconductor, the cun'e_nl_'ﬁﬂ.!.ilg— (hc boleS C“"“,'fd
and hence it is P-fype semiconductor. In addition 10 ™™ ', thermaj

by the impurity atoms, there will be electron-hole p?'ﬁoﬁ‘ﬁuﬁ,b_a; he
agitation. In the P-type semiconducior the holes 9 carmier of

electron. Hence i “this holes arc¢called the ma.or‘ol" charge-
chiarges and electrons arc calied the minority carrier

———

—— ——

c. Hall Effect in Semiconductors

~ “Hall, in-1897; discovered that when-a magnetic field 5 apl:'h:d

at right angle o the direction of the current flow in a 0nduct 'tﬁn

- -electric field is_developed in the direction Pefpcndicu]ar loTh.c
direction of the current and of the applied magnetic field. .
Phenomenon is known as Hall effect. Using the phenomenon af Hall

effect, carrier. concentration and carrier mobility can be experimentally
found. ’

Figl6

Consider’ a rectangulaf slab as shown in Fig 1-6. A current
density J, flows in the X- direction and the magnetic induction B, is
applied in the Z - direction and a potential difference E, develops
along the Y-direction. Using a sensitive voltmeter, the p.d developed
between the faces 1 and 2 can be measured.

When'a steady magnetic field B, is applied in the Z-direction,
cach charge in the current stream experiences the Lorentz force given

-

by the equation F = —e (Bx V). Th
the Y-direction is

This force is upwa
charge is -ve. In our cases, the current 1S IR 7% 577
hence the clectron motion must be in
negative. The current is cased only by the ¢
is negative. ik : .‘

Due to the Lorentz force,
lop edge acquires a —ve charge a
‘Ehargc. Hence an electric field is se
voltage is called the Hall Voltage an
effect. . .

The Hall field acliqg-l_lpwards exe
clectrons which are -pushed. up
Cquilibrium . position, the force <
exactly equal and opposite to E;__rg?c oni
1 E;fié?h’c Hall €lectric ficld set up in the

{!
11 - i
e component of the force ﬂong ! i

F)' = —€Vy Bz .
. rpe is + ve and dow'nwa‘m if the |
te,1f 1 cbars t is in the +ve direction apy
‘the —ve direction. So'y ‘i |
lectrons and so the chary, |,
~. Lorentz force F, = -V, B, X |
the clectrons are-pushed up- S0 the
nd the bottom edge acqu'u'c a +ve —
tup in the —ve Y-direction. This |
d the pheriomenon is called Hall —
|
s“a downward force on the =
by the Lorentz force. In the T
on the electron due to Hall field is\ .
t due to the Lorentz force.
—ve Y-direction, then Hall |_

force aéling on the electron is eEy. At the cquilibrium position. k .
— ——— Lorentz force = Hall force LI r
" Byevg= B, e @)
field Ev= Byvy, e 4
Hall field E,= Bzvy ( ),
Bﬁl the current density J’F = nevy wee5)
2 - . 6
Vx = e

: E, = Bade T ¢)

h T ne

" E, i g ) G
The ratio —X%— is calied the Hall constant and is denoted by

z X
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R BE T —®

Qm“tﬁelb&qﬁmxu:sﬁ.aaﬁdlanbca tely
Gesermined, 2 Hall coefficiest Ry and the carrier concemtration n
cn be caiczisted  In-the Gse of meak, the carmiers are electrons
;z‘.& E.- il B Segative. = o
[= 12 czse of semiconductors, there ars 10 {ypes of charge
amess. 1 152 Nfype semiconductors, the majority Qmies are the
electrons and-so b= Hall coc.‘Sa::.:x -vz. Thkz Hall coefficiens

— o IO0TIT ciectron s u.xu'VV uxxcuuvu. —

E,
R T O

e ——— —————— — = = — == -

anst:zdcnmrofdcc:mzxuﬂz‘{-q-pememl:mcn
= :
- fL.. Y il , .....(10)

e

[ theT=se ©f PIvpe semicondnctor, the majority carrier 2re the

R is defined by the relation
N = B e -2
BR=gi- % -

if p is the demsity of holes in the P-type material, then
I =pes ' T

) _1 - :
- Ro= o '*-(12)

i?
3. JUNCTION DIODES
a. P-N Junction Diode

F-type ~ Eype

G)G)Oi@@Cﬂ
003 e o
gocj@ens

Fiz 1-7

When 2 P-type semiconductor is in intimate contact with an
N-ype semiconductor, a P-N junction is formed. Thbe circles represent

, the fixed impurity atoms in the two tyvpes with their charpes marked

on them. The sign represented outside the circle represent the free
electrons and the holes, The P-type material contains 2 large sumber
°‘Wﬂ—mf—-m

_pecedWben the P-N junction is formed, soms of the clectrons tend to

- “diffuse tov towards the P-iype material znd boles will @iffuse towards the

N-type material. In this process, the electron crossing the junction

from h‘feg'(’",lr-l':H’—fegu:vn{ccombme itk the holes in the P-region.
Similarly the holes &Gssing the junction, recombine with eiectmns ifi
the N-region. Dge 1o this recombination of electrons 2nd holes pear
the junction’ the +ve donor and —ve. acceptors are left uncompensated
in the vicinity of tbe junciion, This region does noi contzin mobile
charges. This region iscalled the depletion region. Thus an internal
potentiz! difference is produced across this junction. Thispdis called
the inlernal potential barrier. In circuits, the P-N y.:nruon diode is
represented as shown mJ-’iTv 1-8.

] P-wn . 5% %

v

Fig 1.8,
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s J T . . s arc given,
For a P-N junction diode, two types of connection® a
They are (i) Forward bias and (ii) Reverse bias.

o riction. The

(i) Forward Bias: A potential is applied across the p-N J',q connecied
+ve pole is_connected 10 the P-region and the -ve. polc -ioﬁﬁ|§/||.c
16 N-region, So the holes in the P-region are rcpe! ‘:( owards the
jﬁn&linn and -the clectron in the N-region arc ml“’"“‘_m,gcs at the
junction. Thus there is a’ great deal of cunCcnlralionlt". .}crsﬂ- If the
junction crossing over from the +ve to =ve and ‘-”uv,zrl'i" ||.c_,‘_rg' is
applicd potential is preater than the imcrg.iplllﬂlﬂl'/»,/‘-&;@lmn

: ,,n_cuusxdcmblc,,ﬂnwﬁm‘ uc 1o this.. This When it is

A . . 5 ye-
given to the P-N junction is said to be Forward bias® current.
forward_biased, it offers less resistance for the flow
/”—_.
i

’ . - - - i tery 1s

(ii) Reverse Bias: In this the ncgative terminal —0‘_— lhzcg:; to the
connected to P-type and the positive terminal is CO"'" ~d._In this
—N-lypc.—'l'his-llyhc@[mnncction .isucallcd.RcVﬂ'Sc‘h s .tcrmi"al
the holes in P-region arc attracted to the -ve of the 1331‘:ryfq_mgion
and moves away from the junction while the electrons int ]co ( the +ve
also move away from the junction because of the aitraction.? rriers in
terminal. Siwmqiv_clumhmumkelccﬂﬁzﬂwx_bc

the vicinity of the junction, current Mi%[m:os,l' " due to
l mpere.. This 15

a-very small current of the order of .microa e —Tcas

minorily carricr of opposite charges present in wﬂm :

Hence when it is reverse biased, it offers a very high resistance o

the' flow of current. x Y
————————t

£

o'c|leo|®®

ol ®®

A

Fig. 1.10.

b. Breakdown in P-N junction

th"'. a reverse-bias is given to 2 junction diodc,.a Very smal|
current flows through the diode. When the reverse bias voltage j5
increased, the current jncreases slowly. At @ particular reverge
voltage, the diode current begins to incréase shamply. This particulay

voltage Ts called the hreak-down Voltage. (At this voltage, if (he
VA N .
current through the diode is fiof controlled, the diode may butn ouy,

- wl!.cﬂﬂle,producl of d.c voltage and the current exceeds the maximupm

Power nting of the diode, the diodc is also burn out. The breakdowy,
phenomenon in 4 P-N junction is causcd by either of the two effecy

“Avalanche or Zener—
~— -

Aiizbznche b’rcakdowr;: ‘When a reverse-bias is given 1o a diode, 4
very small current flows through it. This current is duc fo the
movement of the minority carrier of charge. When the reverse bias
Vvoltage is increased, the kinetic energy of 1he¢ clectron also increascs,
When These clectrons collide with a crystal atom, they may Knock ou
CI?clron tom the covalerit bonds of (he_semi-conductor malerial. In
this process ihe covalent'bond is broken and a pair of a_eleciron and
:‘SMgmmccd. Thus one electron, on cq!lision with a t;ryslal

M, generates a pair of an electron and a hole. In this process, the
:ll:mber_.()r feez s_and holes goes 0'?1_ increasing. his
Umulative effect is known as avalanche multiplication. Due {o fhis
a large reverse current flows through the junclion. Now the diode is

.5aid to be in the avalanche breakdown regiofi. “If the current is not

T
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_valance electron of atoms. in the. .d:.plumn region.

16
controlled by some external resistance, the diode m

ay be
damaged. : pcrmanc““)’

Zener Breakdown: When the teverse bias Voltage ¢
junction is increased, the electric field across (e
.es. Hence the reverse current also increases a Iso
> voltage hLlow 6V, the reverse current ine _\Q\"dm
and the junction bre wn. This breakdown, at sycly a low
voltage cannot be due avalanche-multiplication of ¢f¢ clron.
In this, there is no collision of minority carrier with the sen
atoms. Tlus bmakdowu can be cxpl,nhcd on the b

1058 the p
J“"Cli()" a

Tang,
h(llc v

1l Dair,
"“"dllu
asis of 28 “IT:_T

on the

Soa large. umber

of electron-hole p:ms are produced.  These carriers are Accelomyey
away from the _|un n by the .|pp'hcd voltage.  Henge Y m"llc
“Current increases rapidly. This prmces by which Govalent bong l‘:f 'r:c
depletion regions are directly broken by a strong clectric field ig 7 %
breakdown and the reverse volmg,c at which the breakdown takes clr)c

is called the zener breikdown Volhgc,_ This tfku is Callc(i I;b.:‘ur
&

When the electric field is high, a large force is exerteq-

effect, =

brea Kdown Vollage.

c. Zener Diode :

\»_
When.a P-N junction is reverse biased, it offers a liigh Tesistance

for the current ﬂow If the reverse-bias is increased af sbme, l’ﬂmtuhr
wollagc, e reverse current across the junction suddenly incregses.

This particular polemml is called the breakdown voltage or; zener

volt to several hundred dcpcndmg on the dopant density and the
deplmon-—layer There are two--distinct process by which the
breakdown may occur. They are. (i) zener breakdown and

(ii) avalanche‘bréakdown. A znuendlodc is a P-Njunction, diode
which make use of either of-the

two breakdown. A zener diode is -
usually opcraled al a reverse bxas .
voltage a -littlc - more lh:m the :

breakdown voltage. Under these

conditions, the voltage drop

fapidy

THie zéner vollage varies from as lowasa few

17
seross the diode is practically independentof the current through it.

11s means that the diode acts as a voltage regulator. The zener diode
in"circuits is represented as shown in Fig 1-11.

Zener Diode Characteristic
The Zener diode characteristic can be studied using the circuit

shown in Fig 1-12. The zener diode is connected 1o a battery through

a commutator as shown in fig. By changing the commutator positjon,
the diode can be forward biased or reverse biased.

T

Fig. 1-12

First forward bias'is given. Using the rheostat different voltage
is given to the diode and for cach voltage, the milliammeter reading
is noted. Now a reverse bias is given 1o the diode .and the
milliammeter is replaced by a
microammeler. The same it
procedure is repeated as for the
forward bias. -

.

Now we can draw a graph
taking the voltmeter reading in
X- axis and the current in Y-axis.
The graph will be as shown in
Fig. 1-13. Under forward bias
condition, zener diode acts just
like an ordinary junction diode.

-V

4V,
7

a1}
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* Under erse bians
This ‘m‘vu“c bias, a sma reve
us current almost remaj SORE N ie
; A NS constant unti] certain critical vollage is
reached.. Beyond this voltage, the rev ¥
This voltage is called turn Mage ot Tont inercases mpldly.
P N o "'I'- .l' . hict (llVLr voltage. All zener diodes are silicon
-N junction diodes whic
g . ! Have a shamp reverse voltage knee. Zener
_diodes are assorted according to thgir breakdown voltage. For a diode
with low breakdown voltage, the kuce on fpe curve is more obtuse
For high voltage zencr diode, the knee js sharp.

rse current flows through j.

The zener voltage -V, is defined as the vo
~——region-for-the-average value of the-Zener-current:~ When an a.¢ signa|
is superimposed, the slope of the curve can be measured at thie average
~~of-the.zener.current -L.  The zener resistance s -defined as the ratio
between the incremental voltage and the current.

Itage in the breakdowy,

—— = . '6Vz' e "
Z = T, "

The Zener resistance has

g0l a minimum value of appmximately
10 ohm at about 6 volts.

Uses: Zener diodes are used

1)—as-voltage regulator ————

2) as a fixed reference voltage in a network ‘for biasing and
comparison purposses and for calibrating volimeer.
3) as peak clippers , :
4) for meter protcct_i_qn_ -ﬂg"i_"s‘—.diullﬂgu:om_accidcmal
application of excessive voltage, ‘

-

d. Tunnel Diode '

The tunnel diode was invented by Leo Esaki and is onc of the
most *sigﬂiﬁcanl development in semiconductor electionics. An
ordinary P-N junction diode has an impurity concentration of about
1 part in 10%. With this amount of doping, the ‘width of the depletion
layer is of the order of 5 microns (5 x 10~ cm). The potential barrier
corresponding to this width of depletion layer restrains the flow of
hole from P.to N region and electrons from N to P region. 1If the

19

concentration of impurity atom is

1 Pﬂﬂ in 103, (e depletion layer i
Will reduce 1o about 100 A®. The .

shape  of he voll- ampere 4
characteristic curve of this dovice Fig. 1-14

is quite different from that of a »

normal P-N junction diode. This diode utilizes the phenomenon calleq

tunnelling and hence this diode is referred to as tunnel diode or Easkj
) f . . 4

djode. The circuit symbol for a tunnel diode is as shown in Fig 1-14,

*  Tunnel diode cannot rectify alternating voltage and exhibiys
negative resistance properties.  Though it is a diode, it can function,
as an amplificr, an oscillator or a switch. As a switch it can operate
in a time less than 107 second. Tunnel diodes have been constructed
from germanium, silicon, gallium arsenide nmf indium antimonide,

Tunnel Diode Characteristics

The Volt-ampere characteristic of a tunnel diode is as shown in
Fig. 1-15. From the fig, it is clear that the {unnel diode is an excellent

4—- conductor in the teverse direction. For a small forward voltage upto

50 mv for Ge, Jhe resistante remains small of the order of 5 ohm.

]
-
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: Fig. 1.15.
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—ixvalled peake for aannd voltinge, e coltifpe nwilng v,

M

1 he [orwant voliage fa Invaveasial, U eaige gy ——
reatliva a penk vuveid I... cinpespond g i the visllapy v gl
e xlape ALY at e chiacte it s 0 v ) m"\' s
fitlier, then the erent decenaea '_ln e g, ™ Wogpie 4
comductanee s negative Ul (e Gl aHote we by, i
vestetnner Chapnetep st Between the ek enpey ) """Nl\'l‘
minimum value 1 caltend the Valley vovreut AL wulﬁw :,T'. 1
at whivh V= 1 the Comdin tanee (AN T apadne gen Hine '”""“'f
forwand valtage s i fensod, Hhe et Ineveases by gy M ::::
\'\. Again the cotrent avhen the value Uoat te \‘uh"".\ V', ";M.«,
5 ey p o
the voltage between wa poluts oo e e (oda elinpug Rtis1
cutrent where the canent fe egqual (o1, The value ol v, oginyg y '
the material ot the el dinle il ot

AT

tar curents whose vatue are between Tgoaml 1, 1 Wive |8
wiple valued. Tt i becase cach cuaent taw e olitained T
different applicd voltages Becanse of Wils propenty, e gy diode
can be used (e pulse amd dipital clenis

e AWith=—the - atd cal oneggy<bawd it Jhe concepl ol Gt

mechantcal  tunnelling, e ol dode Charactedstie o, e
explained,  Ina tunnel diode the dewndty of the gty g g he
onder of 10" |u:| cubie contimeter Hence, ab coon mpeggage, in
the Neregion the Fornid level shitlts o conduction bad, .':l|||||,|,|y‘|||r
Fermi level Hes within the valencee bawd ot the 1 aeplon, Whey poth
Poand N oepions ol the twnnel diode have the same fompemtoge il
the tuanel diode ix unbiased, the Fermi level o bathe side o he

unction will be the same, Thas Wgre i partial overpping begween

conduction band ol the Netype reglon and the valence band of the
Paype region. At zer voltage bias condition, there wilt be tunneling,
ol electiog ineither direction. The net current st be ze1o since the
current in both directions cancel each other,

When the tunnel diode s forward biased, there are nany filled
states at the bottom ol the conduction hand of the No region in line
with unfilled state in thé valence band ol the P-aype side, Henee
clectron will tunnel from N 1o the Paacpion. This plves rise (o forward
current.  The current continues 1o rise with the applied voltape until

2!
g vl 6 Vil 8 e PAype side and the conduwction fard of Waype

alile 9 | mashinally sverlapped.  §f e forward biay voltage js
TR 'm“ ';m:“ sk ol Wl s in the G tion band on the
[ ahile lm' | l;JH.‘-‘-I‘/(h i e saine “arpy s ihe foidden emeryy
an e Ve, e 1 iny . 4 .

fan! I e M ey Ny ¢ das gegne 3

el et s deepegae il i
i ! s redases b s panner, e tupncling curgem
(lilnes e e gease s Whe furisid bnas voltage mcreases.  When
(he aniainl b eerlap becoames 0, e psppel cusrem besnmes zes50
TR nds bs funthiy i reased, 1

conventions) injected
cuprenl ol nnnmisl B-H junetion Neoses )

Thls current ocurs due W
(e et ot hbe from ¥ Vo Megegion and eledions from N 1o
Poregon

(laeat Vunnel dicde b5 used (or the Solloving puiposes

1) u6 s ullialifgh gpeed switch

2) i oa logle memory stoyspr device

) nn anlerovisye oscillstor st s frequency of sbhout 10 GHy
Ay dnrelaxation oscillator circuit.

Advantage; Ve adyvantage of tuune) diodes 2re (1) fow cost
(2) low poise (2) high spred (4) environmental immugnity 2nd (5) low
pavier, ‘ .

Disadvantuage: ‘The disadvsmages arc (1) low output voltage swing
and (2) 00 ds 4 two temding) device,  Because of this, there is no
fnolation  betwegn dpput and  output and  this leads 10 series
chrenit-desipn difficulties.

. Buceloward Diode
.

Zener diodes nogmally have breskdown voltage greates thzn 2
volt, 13y incsegsing the doping level, we can get zener effect below
2 voll, In lact we can gt bacskdovin near ze50 a5 shown in Fig 1-16.
Forwiard  conduction stull ooours around 0.7 wvoli, but yeverse
conduction stags al about 0.3 volt or Jess, A diode with 2 curve fike
ihis in called a backward diode The circuit symbol of a backwiard
diode is a5 shown in Fig 1-17 w
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4rd diode is 35 Shown
a better conductor in the rc.vemc
> ' “odc or Slmp]c

d a backward ¢ .
ponse to either

G

The volt-ampere characteristic of a backw

in-Fig 1-18. Beecause this device is
\han in the forwand direction, it is calle
back diode. In the neighborhood of zero voltage, in res
a forward biasing or reverse biasing voltage, the tunnel diode Fesponds
with a current which is large in comparison to the comsponding
current in a conventional diode. These.large currents are as 2 result
of the tunneling effect. In the backward diode, the cument due 1o
tunneling is large only in the reverse direction.  For this r¢ason, the
back diode is also called the unitunnel diode.

23 iy e
The tempenature sensitivity of the back diode is appreciately less
lhxm.t'ln- sensitivity of the ordinary diode. The packward diode has 3
sensitivity of about -0.1 mv/ C° compared with —2mv/C® for the
couvcnlifmnl diode. Moreover the conventional silicon diode has a
::1“\:11\::“[,:“(' :'n room temperature between 0.6 and 0.7V, the back diode
wlu--“ "rmk p()l.lll .gl QV. The back diode is, therefore, very usefu]
e rectifying  action required in connection  with
small-amplitude wave form.

e

is

e

O‘SVQS. an example, the Fig 1-19 shows a sine wave with a peak of

bias lhrcw:-‘ﬂ a b_nclwvnnl diode. This 0.5 volt is not enough to forward |5

dk{dc - mdc_ into conduction, but it is enough to break down the

volt is or this reasons, the output wave has a peak of 0.4 volt (0.1
t is lost across the diode) -

O-kVvOoLT
PEAK

O-5voLT
PEAK

ot P T e F TR

MODEL QUESTION AND ANSWERS

I. Choose the correct.Alw.we"

l. Ma .or - - - - - 3
, o jor part of the current in an. intrinsic semiconductor is due
(a) Conduction band electron
(b) holes-in the valence band
(c) valence band clectron et

(d) thermally gcncralcd cleciron:
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base snd collector of 5 frammies

, o7 Cam e compared o cathods, grid
TR 1NSXSTO anud plate ol 2 triode,
1. Transistors b. Transistor Action
The Iransistor action can be uadertond by amalvung the cumrent
yw through it under the influeme e f ¢ Ity tied volt ™
P Mransistor flo# ~ . be forrs demmally applied voltage. The
a. P-N-P nnd N-P-N-T% emitter-base junction will be forwara ':".ucﬂ_za.i_t:a:_m!'.a;.rt';

When a thin layer of N-ype semiconductor s BANAwiyc g
between two P-type semiconductor, the resalt s in the "'”""”'m of
a P-N-P transistor.  Similatly whoen a P-Aype area iy Bandwi g,

jupction will be reverse bizeed We will siudy the action of 2 P-N.P
";"ml'r.lur and 1he circuil is 2e shown in Fig 2.2

between twa N-type semicondudlor, we have . NeP:N "“'thu‘r.‘ 1 P N P
sis \ - elrenit symbols are ’ T = =
P-N-P and N-P-N transistors and their efrenit ny M Bhown - @
_1 | |. " P e
[ E- T~ C e ;

———] P N I P L__..‘ - N’ P N [4 3 /\15 Is Tey

EMITTOR connecion i " yeo 7 .
, i l t [ ]
vl =3 1 : ¥ I' l I
‘ - — ¥ Fig. 2-2

a5 As the emitter is forward bizsed, the holes in P-regioms are injected

10_the base and the electrons are injected from N- mgion to P-regian.

But a5 the base is lightly doped and the cmitter & beavily doped, the

- number of electron from base to the emitter is very smmll compared o

the number of holes. In the base region, some of the holes are neutralised

ke 4 by the electron. Since the base region is verv thin most of boles will
There are three regions. in the transistor.  They cross this region and will reach the collector mgion.

3 e {i)-emitter-(ii) collectdr and (c) basc. The middle semiconductor
in a transistor is called as base. The thickness of the base will be of
the ordér'0.,025 m.m. The two end regions are called the emitter and
the collectar. ﬂlﬂ}?ﬁn_sgjuncﬁon is always forward biased and

—_ LRl 241

Since the collector-base region is reverse biased, the holes
. arriving at the junction atirz 2 constltle 2 collecior currcpt.
- The emitter current is denoted by lg. the collector current by I and

the base current by Ig. It will be found that I_ = a I where @ is

hence this junction offers a_low iresistance for the.flow of current. called current gain whose value will be between UGS to 0.95. The
v H ey

The collector-base junction_is_always reverse biase d_hence this emitler current is equal to the sum of the collector current and base

junction offers a high resistance for the current flow. The emitier, current;

. . S=— e = ]E= IC‘lb'
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~—————lhree-type-of-configurations-are_as_shown in Fig 2-3,

LT

20
I the emitter-base voltage Is fne reased, the collector will also
increase. 1 the emitter curvent is deg reased, the collector current wily
also decrease. 10 an altermating voltage s applied to the emitter as
input, we will get amplificd output in the collector circuit.  Hence
the transistor can be used as an amplifier,

In a similar way, we can explain the action of a P-N-P tmnsistor,

. Transistor circuit configuration

There are three basic cirenit configuration in which transistor can
beconnected. . They are
i) Common base configuration
il) common enitter configuration and
i) Common mllccmr configuration.

The ferm common is used to denote the electrode that is common
to the input and output circuits. Because the common electrode s
genenally grounded, these modes of operation are frequently referred
to as grounded base, grounded emitter and grounded collector.  The

P-N-P

PN-P
\:\

1

~(@) i [‘(b)hgl ;—;):J

7.
Fl'g 2-3.

The common'base connection is as shown in Fig 2-3(a). In this,

the input is applied between the emitter and the basc and the output

27 . ;
Thus the base is cohimon

is taken ouy

etween the collector and base.
o both jnput and output.  So this connection is called common base ’
connéetion, i

For this connection.

1. Current gain is less than unity ,
Voltage gain is more than 100 .
Power gain is medium -

input impedence is very low

Output impcdcncc is very. low!,,f‘"l

There is no plmsc change, - Y ;

wa e

t

'l"hc common emiller connection is as shown in Fxg 2-3(1,) In
this (hc mpul is' uvcn between. the base and the cmmcr and the OUiplll
is mkul across lhc collector and ‘cmitter. Thus the ermllcr is common
1o both the mpul ana oulput .So this type of connccuon 1s called! um
comumon cnullcr connccuon For this connection. “¢

1. lhc current, gain is mediim about 50 )

2. _the voltage: gain is scveral hundred

3. Power gain is high

4. Input impedence is low

! .

5 Oulpu( impedence is high and s

6. lhcrc is a changc of phasc between input and ou(put

The common collector connection is as shown in Fig. 2- -3(c)-In |

‘Hence this
For - “this

this the collector,is common to both input and output.
conflgurauon is -called common collectpr connection.

connection. B )
1. the current'gain-is medium
the voltage gain is less than unity

power gain is low

input impedénce is very high .
outpui irhpcdcnce is very low and )
there is no 'p:lia'sc change between the input and outpul o

Qv A LN
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