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PN-JUNCTION DIODE

PN-Junction Diode

If a piece of intrinsic silicon is doped so thgbat is n-type and the other part is p-type,
then the boundary between the p-type and n-typallied PN-junction diode.

The p region has many holes (majority carriersinfthe impurity atoms a
thermally generated free electrons (minority caslieThe n region has mawelectrons
(majority carriers) from the impurity atoms and yal few thermally generat es (minority
carriers).

Formation of the Depletion Region
When a p-type semiconductor is brought close aypa-to fo M-junction, then the free
electrons near the junction in the n region begidiffuse ac e junction into the -p
type region where they combine with holes nealjuh&n, ﬁwn in figure below:

pn junction Depletion r

P region / n region p region / n region

e

When the PN-junctg Is formed, the n region lokeg electrons as they diffuse across the
junction. Thi%eates a layer of positive char{@antavalent ions) near the junction. As the

electrons

across the junction, the p regiseddioles as the electrons and holes combine.

es a layer of negative charges (trivalem$) near the junction. These two layers of
)Qv,e and negative charges form the depletigiore

The term depletion refers to the fact that theaegiear the PN-junction is depleted of
charge carriers (electrons and holes) due to diffuacross the junction. After the initial surge of
free electrons across the PN-junction, the depletiegion has expanded to a point where

equilibrium is established and there is no furt#fusion of electrons across the junction. In
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other words, the depletion region acts as a bawidre further movement of electrons across the
junction.
Barrier Potential

In the depletion region there are many positivergés and many negative charges on
opposite sides of the PN-junction. The forces betwthe opposite charges form a "field of
forces" called an electric field. This electriclfies a barrier to the free electrons m’@e
and energy must be expended to move an electronghrthe electric field. N external
energy must be applied to get the electrons to nagvess the barrier of t @ field in the
depletion region.

The potential difference of the electric field easdhe depletion region is the amount of
voltage required to move electrons through thetetetield. Th %ntial difference is called
the barrier potential and is expressed in volte fypical ba tential is approximately 0.7

V for silicon and 0.3 V for germanium at 25°C.

Energy Diagrams of the PN-Junction and Depleti@egion

The valence and conduction b an n-type mbtare at slightly lower energy
levels than the valence and conductio
the atomic characteristics of the%&
conduction bands in the n r@re at lower gnlengels than those in the p region, but there is

a significant amount o ping.

ands intype material. This is due to differences in

valent &edtivalent impurity atoms. The valence and

The free electrons in the n region that occupyuppeer part of the conduction band in
terms of theirienergy can easily diffuse acrosguhetion and temporarily become free electrons
in the Ioart of the p-region conduction baAdter crossing the junction, the electrons
q% e energy and fall into the holes in fireegion valence band as indicated in figure
bel

Written and composed by: Prof. Muhammad Ali Malik. Phil. Physics), Govt. Degree College, Naushera



B Sc Physics (Electronics) PN Junction Diode

Energy Energy
)
Bfinoity gesies Majority carriers
Conduction | _ = Conduction | _ - 1
band o e L o e et = I band = 1 N
- 2T = = : 1P g o d T 9
| 129" " 2T
Valence o o Valence : :
band band el !
1 1
Maijority
ajority camers Minority carriers E :
0 0 i L4
p region pn junction n region p region pn junction n region
and depletion
region
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As the diffusion continues, the depletion regiogibs to form %ergy level of the

n-region conduction band decreases. The decredbe i energy Ie‘!/ of the conduction band in

the n region is due to the loss of the higher- qnm‘@ctrons ave diffused across the
junction to the p region. Soon, there are no ebastieft in -region conduction band with
enough energy to get across the junction to the conduction band. At this point, the

junction is at equilibrium; and the depletion r plete because diffusion has ceased.

There is an energy gradiant across the depl evhich acts as an "energy hill* that an n-
region electron must climb to get to the
Notice that as the energy level n-regiondemtion band has shifted downward, the
energy level of the valence ban also shiftegindvard. It still takes the same amount of
energy for a valence electronto become a fredretecln other words, the energy gap between
the valence band and e@uction band remagnsaime.
Biasing
Application ofsan external voltage to the PN-junatiis called biasing. There are two
types of bia

|
Fo@d iasing

&yerse Biasing
F&sd Biasing

A junction diode is said to be forward biased & R-type region is connected to the

positive terminal and N-type region is connectethe®negative terminal of the battery.
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The emf of the battery should be greater than Hrady potential of th ion. Under
such conditions, the electrons from N-type regiod the holes from P-ty

gion are pushed
towards the junction and neutralize the positive argative ion§ in letion region. So the
width of depletion region is decreased during faduaiasing. ’\

When the depletion region is decreased, then tdr N-type moves towards P-

junction. Hence the junction diode is conductiveewli rward biased.

Reverse Biasing @

A junction diode is said to be reversed bi@-type region in connected with the negative
terminal and N-type region with positiy@ in&kloe battery.

type and holes from P-type move towards N-typéTrlais s in flow of current across the

p region n region

l p region Depletion region nregion
e
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Inr %@Obiasing, the negative terminal attrdhts holes and the positive terminal
attract ﬁlectrons away from the junction, leat the depletion region is widened and the
b@ﬁ"[ential increases with increase in applieltage. With increase of barrier potential
there' is no possibility of majority charge carri¢osflow across the junction. Hence a junction
diode does not conduct when it is reversed bias

p region Depletion region n region

s

+
However a very small current (of thi oo 08
- - + +
order of a few micro-amperes) flow in the Circu- s se a8 —_—
- +
due to minority charge carriers, which is called oo & &
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reverse current.
Characteristics of a PN-Junction
A graph between current and voltage applied adtos$’N-junction is called characteristics of
PN-junction.
V-l Characteristic for Forward Bias

When a forward-bias voltage is applied across adajithere is current. Th nt is
called the forward current and is designatedsl the forward-bias voltage is in ISM posttivel
from O V. The resistor is used to limit the forwamdrrent to a value tha ilf@ﬂ overheat the

diode and cause damage.
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(a) Small forward-bias voltage (Vi:< 0.7 V), very small (b) Forward voltage reaches and remains at approximately
forward current. 0.7 V. Forward current continues to increase as the
bias voltage is increased.

With g;acrks the diode, there is no forward entr As the forward-bias voltage is

gradually in %d, the forward current and thkage across the diode gradually increase.

When gé rward-bias voltage is increased to -, -
vﬁw re the voltage across the diode reac [
approximately 0.7 V (barrier potential), the fordgai 17

Al
current begins to increase rapidly. L

It can be seen from the curve that the forwe

Alg
current kis very small until the forward voltagesV | |

the barrier potential, of about 0.7 volts for sitic As 17
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the forward voltage exceeds the value of barrieemaal, called knee voltage, the current starts
to increase rapidly. Beyond the knee of the forwandracteristic,dincreases almost linearly
with increase in Y.

V-l Characteristic for Reverse Bias

When a reverse-bias voltage is applied across dedibere is only an extremely small reverse
current (k) through the PN-junction. With 0 V across the diothere is no rever;é&m. As

you gradually increase the reverse-bias voltageretis a A )
_ VBR
very small reverse current and the voltage actosgliode Vr -E—===——'~—'—- -0
nee

increases. When the applied bias voltage is inetkés a
value where the reverse voltage across the diodg (
reaches the breakdown valueggy, the reverse current

begins to increase rapidly.

As you continue to increase the bias voltage, v
Ip (uA)

current continues to increase very rapidly, but\b

across the diode increases very little aboyeg. down, with exceptions, is not a normal

mode of operation for most PN-junction d

nds of thetatystart breaking and charge carriers
verse eatithrough diode.
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