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3.1 Introduction

type and an n-type semiconductor pre
When f‘-’"of the interface where the two type
boundm‘-‘ 1 p~n junction cannot be ing a Plece of ..

A useful 7 YPC semicondyctgy 18 Wil ; o
-i.e., a discontinuity across the Junction. T
boundar;. 1 7 n junction: (i) grown Junclion and (1) fused Juncti
fﬂbﬁcfat'mg,a ﬁ:_all not enter. The p-n junctions are Created by
of which ,‘.‘ilbsemiconduc'“'or with acceptorg and the other si(ie '
_Singje,‘ Cr‘;:tthus a two-terminal device and is known ag 5 Junction diode. Mot
ﬁiﬁfductor devices contain St or ot 1 Junct
& & control element. So, the p-n junctions

ve role
are elementary ‘building blocks' of almost
ell the semiconductor devices like transistors, I,

EDs, ICs, solar cells etc.

32 Unbiased p-n junction

.

and holes from p-resion diffuse into
] ng rocess of diffusion
e difference in ‘carrier concentration. During the process of diffusion,

mbine with the holes in the p-side after crossing the julnc‘m?l‘x e‘:“:ﬁi
vely charged immobile donor ions in n-rcgion.‘Thel ho’ 'el?behind e
Junction ¢4 recombine with the electrons in tpe n-region, leaving

ely Chargeq immobjle acceptor ions in the p-region.

315

Scanned with CamScanner



1 Barrier fielg

p-type | ' ntype
- “r—r———_—
®o o @o:@:(D:@- @De Do
Acceptorlonf"@° Qo o :@ :® : De Do ®{"'Donor;0n
ey 'y !
Hole—wgo =5 :G) :®: Or O Out- iy,
Qo Go Qo 1O @, De Do ®e
| LLJunction
e —

Fig. 3.1 Schematic diagram of a p-n junction

As a consequence of the,diffusion and recombination, non-neutralized ions are ey
the neighbourhood of the junction. Since the region near the junction becomes dEpﬁ"-,:
of the mobile charge carriers (electrons or holes) and contains only the immobjj o
it is called the depletion region or the space charge region. It is also called transitig,
region. The thickness of depletion region is ~ 10~ m. The non-neutralized positiye
and negative charges produce an electric field across the junction directed from n-side
to the p-side. This field is called potential barrier or barrier field which opposes
further diffusion of electrons and holes through the junction. In equilibrium, the
internal barrier field is just sufficient to prevent diffusion of majority charge carrier.
However, it is to be noted that the field helps the minority carriers to move across
the junction and a very small amount of current flows. The potential barrier .Vb acts
as a fictitious hattery connected respectively with its positive terminal to' n-side an-d
negative terminal to p-side. The circuit symbol of a p-n junction diode is s}?own u(;
Fig. 3.2 where the arrowhead is in the direction of current flow when the p-side an
the n-side are connected respectively to the positive and negative pole of a battery.

O
p n

Fig. 3.2 Circult symbol of a p-n junction diode

‘ S ; i Ik
e[t is worthnoting that the depletion region is a region over which the bu

properties of the p or n-region are not applicable.
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side so that equilibrium is established on equating Ex in both sides such that

p the -
e ows through the junction. The energy band diagram of an unbiased p-n

no current f
synction 1S shown in Fig. 3.3.
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The energy barrier ), for clectrons in crossing the
p.blde I8 glven ])y e -
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p-n junction

S m energy bands are sepa,

"~ eV and the Ferm oy,
S the majority carriers oy ¢;
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ge characteristic of a p-n junction

‘through a p-n junction under (i :
2 ollowing equation known as diode equpp ;:ionmn: gl

ret, (e#‘r “ 1) (3.4.1)

turation current, e is the electronic charge, k is the Boltzmann
temperature of the junction and 7 is a dimensionless constant
~ coefficient or wdeality factor having a value between | and 2

miconductor material. For Ge, n ~ 1 and for Si, n =~ 2. The’
o s across the junction is called the I-V characteristic of a

o of the forward bias characteristics, we use positive value of
Mmd voltage V is much greater than kT'/e, equation (34.1)

eV
. I = Isem . (3.4.2)
— d current increases exponentially with the bias voltage.
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' mction shows that the junction does not

a junction diode is ;:
o . .
g t a constant but varies with the
Syt

nece 4. of a diode is defined as the ratio of the voltage
nt [ flowing through the junction.

R
: ‘I-"::' E ! V
e — _K | (35.1)

stance 14, of a diode is defined as the ratio of the small
change in diode current. Thus

FTL AV (352)
ree = AT
o may also

g 'I-V :apa.cteriStic of a p-n junction diode

oy (3.5.3)

. of a diode 18 Jdotermined by the
ac
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(A) Avalanche breakdown-—The electric field across the junction i1, reases i
increasing reverse bias. At a certain value of reverse bias voltage, the thermai

generated charge carriers get sufficient’ amount of energy from the field o -
a covalent bond

These carriers

~
‘b

by collision with a crystal ion and produces an electron-i- - pair
may further produce new electron-hole pairs. This cumulative process
develops an avalanche of carriers in a very short time-interval. As a result, the reverse
current increases abruptly to a large value. This mechanism is known as avalanche
multiplication and the diode is then said to work in the avalanche breakdown region.
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(B) Zener breakdown-—When the reverse biag voltage across
high that the electric field imparts sufficient amount force to the bound electron 1o sonr
it out from the covalent bond, the Zener breakdown takes place. So, Zener breakdown
is the process of direct rupture of the covalent bond and thus produces a large number of
electron-hole pairs and increases the reverse cu'r'rcn't. .a.bru,ptly. ?t may \\O\VG\'QY‘ bc x\u.)tes\‘
that the Zener breakdown does not involve any collision of carriers with the crystal ions.

a p-n junction is so
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